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FOREWORD 


This volume of the NASA Planetary Flight Handbook contains trajectory data to 
aid the mission analyst in planning swingby missions to the planets beyond Jupiter. 
Data are contained both for Jupiter swingbys to each of the outermost planets indi- 
vidually and for the multi-planet grand tour missions. The, volume is a companion to 
Part 7 of this handbook series which contains direct trajectory data for flights to the 
outer planets. Together they provide a rather comprehensive catalogue of mission 
possibilities for the time period 1975 to 1985. Within this decade exist the only 
opportunities for almost two centuries to exploit the swingby technique to full advan- 
tage. Although swingby mission opportunities will occur again in the nearer future, 
none will offer the possibility of the grand tour or of single planet swingbys to all of 
the outer planets. 

This addition to the NASA SP-35 series of documents was prepared under the 
direction of Mike Poteet by the Fort Worth Division of General Dynamics under 
contract NAS 2-4982. In addition to that which is due the study manager, credit is 
also given to Carolyn Allen for her efforts in preparing the contour charts. Finally, 
the assistance given by Susan Norman of the Mission Analysis Division in overseeing 
this activity is gratefully acknowledged. 


Jerry Deerwester 

NASA/OART Mission Analysis Division 
January 1969 
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Section 1 

GENERAL DISCUSSION 


This handbook contains trajectory data and related information for outer-planet 
swingby missions available during the launch periods 1976 through 1983. Data 
for two types of missions are included: single-planet (Jupiter) swingbys to 

Saturn, Uranus, Neptune, and Pluto and multiplanet swingbys composed of sequen- 
tial encounters with Jupiter, Saturn, Uranus, and Neptune (referred to as grand 
tour missions). This handbook. Part 8, is a companion volume to Part 7 which 

contains direct, one-way trajectory data for missions to Jupiter in 1981-1986 

and to Saturn, Uranus, and Neptune in 1976-1986 (Reference 1). 

Background Information 

Recently there has been a considerable effort devoted to the analysis of outer- 
planet swingby missions (e.g.. References 2-8). These studies have centered 
on the use of Jupiter as the swingby planet, not only because of the large 

trajectory perturbations it can produce, but also as a result of the consider- 

ation of such factors as flight time, departure energy, and availability of 
post- encounter targets. 

The advantages of the swingby mode lie in the marked reduction in total flight 

time (and, to a lesser extent, the reduction in Earth departure energy) which 

can be obtained. The flight time improvements are illustrated in Table 1-1 by 

comparing a swingby mission with a direct mission to the particular target planet 

"k 

at a departure energy equal to the direct Hohmann transfer requirement. As 
the departure energy at Earth is increased, the difference between the direct 
flight time and that obtained with a swingby decreases. However, for missions 
to the planets beyond Saturn, the flight time difference is still appreciable 
for departure excess speeds as large as 0.5 EMOS (Table 1-1). It should also 

*The Hohmann transfer represents the best possible direct mission and is used 
here to provide a consistent basis for comparison. It should be noted, 
however, that actual minimum- energy direct missions during most launch years 
have significantly different flight times and/or energy requirements due to 
the effects of orbit inclination. 
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be noted that swingby missions to the planets beyond Jupiter are available at 
departure energies less than those necessary for direct Hohmann transfers. 
This is due to the lower Earth departure excess speed required for the Earth- 
Jupiter transfer; the remaining energy requirements are attained as a result 
of the close Jupiter encounter. 

TABLE 1-1 

FLIGHT TIME COMPARISON, SWINGBY* AND DIRECT 


Departure 

F 

light Time to Target 

Planet (Days) 


Energy 

Saturn 

Uranus 

Neptune 

Huto 

Hohmann 

Direct 

Swingby 

2200 

1180 (1978) 
2270 (1980) 

5850 

1800 (1979) 
6430 (1983) 

11200 

2720 (1979) 
>7600 (1983) 

16600 

2750 (1977) 
7100 (1980) 

0.5 EMOS 
Direct 
Swingby 

700 

660 (1978) 
770 (1980) 

1500 

1300 (1979) 
1970 (1983) 

2680 

1930 (1980) 
2750 (1983) 

>10800 

1970 (1978) 
2750 (1980) 


* Both the best and the worst swingby mission flight times are shown. 

The corresponding launch year is given parenthetically. 

The next period in which Jupiter swingby missions to the outer planets are 
available occurs in the mid-1970s through the early 1980s. This period offers 
a unique opportunity to exploit Jupiter swingbys. The relative planetary align- 
ments are such that single-planet swingby (Earth- Jupiter- target) missions are 
possible to all of the planets beyond Jupiter. Multiplanet swingby missions 
to all of the planets beyond Jupiter, with the exception of Pluto, are also 
possible in this period. In this mission mode, Jupiter encounter is followed 
by swingbys of one or two additional planets before the target planet is 
reached. Since both the single-planet and multiplanet swingbys involve a 
Jupiter swingby, both of these missions exhibit certain general characteristics, 
dictated, of course, by the use of Jupiter as the primary swingby planet and 
the requirement that total flight times remain within reason. These include: 

1« An Earth departure opportunity occurs about every 13 months, i.e., 
essentially, one Earth- Jupiter synodic period. 

^u It ip lane t swingby data for only the case where Jupiter encounter is followed 
by two additional swingbys (i.e., grand tour missions) is presented here. 
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There is a span of 5 launch years for which practicable missions 
exist; there are some opportunities adjacent to this span; however, 
these exhibit excessive flight times or severely restricted 
launch windows. 

3. The most favorable missions in terms of Earth departure excess 
speed are those with Type I Earth- Jupiter transfers. 

4. The periapsis radii at Jupiter are smallest for the earliest 
launch year, and increase as the angular separation between 
Jupiter and the target (or Saturn, in the case of the grand tour 
missions) decreases (i.e., requiring smaller turn angles at 
Jupiter or even retrograde Jupiter passages). 

For the forthcoming launch period, both single-planet swingbys to each of the 
outer planets and multiplanet swingbys are possible, but for subsequent launch 
opportunities, such swingbys will occur at rather diverse intervals. These 
intervals are essentially governed by the snyodic period of the two outermost 
planets of the swingby sequence. A tabulation of these periods is given in 
Table 1-2. As can be seen, each single-planet swingby opportunity occurs at 
least every 20 years, but a multiplanet mission opportunity of the scale which 
occurs a decade from now is a rare event. It will not be duplicated for a 
span of years at least as long as the synodic period of Uranus-Neptune, i.e., 

171 years. This single fact is sufficient cause to emphasize the study and 

TABLE 1-2 

SYNODIC PERIODS OF THE OUTER PLANETS 



Saturn 

Uranus 

Neptune 

Pluto 

Jupiter 

7250 days (19.9 yrs.) 

5050 (13.8) 

4670 (12.8) 

4550 (12.5) 

Saturn 

— 

16570 (45.4) 

13100 (35.9) 

12210 (33.4) 

Uranus 


— 

62600 (171 .4) 

46440 (127.1) 

Neptune 



— 

179850 (492.4) 
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the utilization of these missions at the next opportunity. To delay would be 
to miss (to all intent forever) the opportunity to make the most efficient use 
possible of the swingby mode in terms of available technology and total know- 
ledge to be gained. 

Organization 

The data in this handbook are contained in two separately bound volumes. The 
explanatory text and charts are contained in the first volume, while the tabular 
data are contained in a single supplementary volume. This, the first volume, 
is divided into four sections. An explanatory text, of which this discussion 
is a part, comprises Section 1. The table of the planetary constants (used in 
the trajectory computations and in the auxiliary charts for determining the 
incremental velocity (AV) requirements for departure from Earth and entry into 
orbit at the target planet, turn angles during planetary encounter, and times 
within the activity sphere of the swingby planet) are contained in Section 2. 
Planetary ephemerides for the years 1970 to 2000 are also contained in Section 
2. The trajectory data are presented graphically in Sections 3 and 4. The 
data in Section 3 are for the single-planet swingby missions. These consist 
of one chart for each mission opportunity. Each chart contains curves of con- 
stant Earth departure hyperbolic excess speed, target-planet arrival excess 
speed, Julian date of Jupiter sxtfingby, and perijove radius, plotted on a grid 
of Earth departure date and target planet arrival date. Section 4 contains the 
data for the grand tour missions. These consist of 4 charts for each mission 
opportunity. Each chart is plotted on a grid of Earth departure date and 
Neptune arrival date. The first chart contains curves of constant Earth depar- 
ture excess speed and Neptune arrival excess speed. The second, third, and 
fourth charts contain curves of constant Earth departure excess speed, Julian 
date of swingby, and swingby periapsis radius, for the swingby planets Jupiter, 
Saturn, and Uranus, respectively. Hie appendix to this volume consists of a 
description of a data tape which contains a complete record of the tabular 
trajectory data contained in the supplement. The supplement contains the 
trajectory data for the single-planet (Jupiter) swingby missions to Saturn, 
Uranus, Neptune and Pluto and the trajectory data for the grand tour missions. 
This supplement is available, upon request, from the Technical Information 
Division, Ames Research Center, National Aeronautics and Space Administration, 
Moffett Field, California 94035. 
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Computer Program and Methods 

The programs used to obtain the trajectory data are based on the patched-conic 
technique. Input requirements are: a date of departure, a date of arrival, 

and the set of mean elements defining the departure and arrival planets' orbits. 
The planetary orbits are treated as eccentric, mutually inclined ellipses. In 
order to maintain consistency with previous volumes of the Planetary Flight 
Handbook, the elements are fixed at their osculating values on 1,5 January 1960. 
These values are given in Reference 9 and in Section 2 of this volume. 

Within the program, the orbital elements are employed to determine the position 
and velocity of the departure planet and the arrival planet by iteration on 
Kepler's equation. Given the terminal position vectors and the transfer time, 
an iterative solution to Lambert's Theorem is used to obtain the elements of 
the required transfer conic. 

The actual determination of the swingby trajectories consists of the specifica- 
tion of the independent variable (date of swingby) for which the excess speeds 
of arrival and departure at the swingby planet are equal (within a specified 
tolerance). The basic mechanics of the operation consists of making a series 
of estimates of the correct swingby date, each time passing through the series 
of trajectory calculations implied in the paragraph above. After each pass 
the excess speeds at the swingby planet are compared and the process is either 
terminated (if the excess speeds have converged) or it is continued by making 
a new estimate of the swingby date. The manner in which the estimates of 
swingby date are made involves two basic approaches. One approach, used in the 
single-planet swingby program, requires that the range of possible swingby dates 
be specified. This range is divided into a desired number of increments and 
all the Earth-swingby planet and the swingby planet- target planet transfer conics 
are determined. For each specified Earth departure date/target-planet arrival 
date, the swingby arrival and departure excess speeds for each encounter date 
are subtracted and sequentially compared. An algebraic sign change between 
successive differences indicates the existence of a solution, i.e., the swingby 
date lies between the two dates at the swingby planet corresponding to these 
differences. A linear interpolation scheme is then used to determine the 
swingby date. The second method, used in the multiplanet swingby program, 
employs a matrix of sensitivities of the excess speed inequality with respect 
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to the swingby date to correct an initial set of estimates of the swingby dates. 
This method simultaneously varies each swingby date until the sum of the squares 
of the differences in departure and arrival excess speed at the respective 
swingby planets falls within a specified tolerance. Both of these iterative 
procedures are repeated until the difference between the arrival and departure 
excess speeds at the swingby planet is less than or equal to 15 m/sec. 

These methods are based on the assumption that the only effect of a close 
planetary encounter is to rotate the hyperbolic excess velocity vector. This 
assumption is valid for the degree of accuracy implied in preliminary design 
data; however, it should be mentioned that meaningful errors in flight time 
can be introduced when the gravity field effects of the Jovian planets are not 
considered. 

Magnetic Tape of Trajectory Data 

The data contained in the supplement has been stored on magnetic tape in order 
to provide access to the trajectory data in a form suitable for direct use by 
computer programs employed in mission or system studies. The tape is written 
in a 7- track, blocked BCD format with 20 records per block and is compatible 
with the 7090/7094 DCS. A detailed description of the organization of the data 
on the tape is contained in the Appendix. 

A copy of the tape may be obtained by submitting a request to the Director, 
Mission Analysis Division, Office of Advanced Research and Technology, National 
Aeronautics and Space Administration, Moffett Field, California 94035. A 
standard magnetic tape, 2400 feet in length and 1/2 inch in width must accom- 
pany the request. The trajectory data will be written on the tape at a density 
of 800 bits per inch unless another tape density is specified (e.g., 200 bpi 
or 556 bpi). 
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Section 2 


PLANETARY EPHEMERIDES, CONSTANTS, 
AND RELATED INFORMATION 


This section contains the planetary constants and ephemerides used in the cal- 
culation of the interplanetary trajectories. Other information of use to the 
mission analyst is also included. 

The constants used in the trajectory calculations for this handbook are listed 
in Table 2-1 and were taken from Reference 9 with the exception of the value 
of the planetary gravitational parameter. This was obtained analytically from 
the ratio of planetary mass to solar mass and the value of the solar gravita- 
tional parameter (1.327 x 10 km /sec ). 

The turn angle, K, through which the hyperbolic asymptote of the encounter 
trajectory is deflected is shown in Figures 2-1 through 2-4 for the four 


TABLE 2-1 

PLANETARY CONSTANTS 



Earth 

Jupiter 

Saturn 

Uranus 

Neptune 

Pluto 

Semimajor Axis (AU) 

1.0 

5.202803 

9.538843 

19.18195 

30.05778 

39.43871 

Eccentricity 

0.016726 

0.048435 

0.055682 

0.047209 


0.250236 

Sidereal Period (days) 

365.2564 

4332.587 

10759.2 

30685.2 

60189.5 

90465.4 

Inclination (deg) 

0.0 

1.30536 

2.48991 

0.77306 

1.77375 

17.1699 

Longitude of Ascending 
Node (deg) 

0.0 

100.0444 

113.3075 

73.79630 

131.3398 

109.8856 

Argument of Perihelion (deg) 

102.2525 

273.6338 

338.9570 

96.21453 

272.9342 

114.2746 

Mean Anomaly at Epoch* ** (deg) 

357.9056 

246.1529 

188.4069 

331 .2941 

172.6670 

316.4295 

Planet Radius (km) 

6374.9 

71335.2 

60370.4 

23523.4 

22312.2 

7012.4 

Gravitational Parameter 
(km 3 /»c?) 

398626.2 

126700378.0 

37897039.0 

5802627.0 

6870678.0 

368612.0 

True Anomaly of "Vernal 
Equinox" (deg) 

-102.27 

122.7 

-98.0 

176.2 

145.5 

** 

Equatorial Obliquity (deg) 

23.450 

3.067 

26.556 

97.883 

28.8 

** 


• 1 .5 January 1960 (JD 2436935.0) 

** Unknown; defined as 0.0 for data computation 


7 













Jovian planets. The data are presented as a function of periapsis radius for 

specific values of excess speed. The data were obtained from the equation 

T r V 

K = 2 arcsin 1 -I — %-p- 
where rp is the periapsis radius, V*, is the excess speed and fl is the planetary 
gravitational parameter. 

Shown in Figure 2-5 are the flight times between the boundary of the activity 
sphere and periapsis for encounter trajectories at the Jovian planets. The 
times are given as a function of hyperbolic excess speed. The data were com- 
puted from the equation 

T = n e tan H - In tan (7T/4 + H/2)| 

where n is the mean angular motion, e is the eccentricity, and H is the auxil- 
iary angle of the hyperbola at the activity sphere boundary. The auxiliary 
angle, H, is defined as arc-cos (ae/(a + r)) , where a is the semimajor axis of 
the hyperbola and r is the radius. As can be seen, the flight time within the 
activity sphere is also a function of periapsis radius; however, this effect 
is not explicitly shown in Figure 2-5. Instead, the mean values of the actual 
flight times are shown since the flight time is relatively insensitive to 
periapsis radius over the range from 1 to 100 planet radii. The maximum diff- 
erence between the actual flight time and that shown in the figure occurs at 
the lowest excess speed, i.e., 0.2 EMOS. The maximum difference at this speed 
is +3.0 days at Jupiter, +1.5 days at Saturn, and +0.5 days at Uranus and 
Neptune. As the excess speed increases the difference decreases: at 0.3 EMOS 
the maximum difference is about +1.0 days at Jupiter, +0.5 days at Saturn, and 
+0.2 days at Uranus and Neptune. 

It should be noted that the time within the activity sphere shown in Figure 
2-5 is not a direct error in transfer time to the planet. The actual error is 
less since the patched conic analysis assumes motion to the planet's center. 

The actual error in trip time is approximately equal to the difference between 
the time shown in Figure 2-5 and the linear flight time within the activity 
sphere, where the linear flight time is equal to the radius of the activity 
sphere divided by the hyperbolic excess speed. 

The /\V required to depart from a 185-km circular orbit at Earth is shown in 
Figure 2-6 as a function of hyperbolic excess speed. Figures 2-7 through 2-14 
show the AV requirements for orbit insertion at each of the four target planets 
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(Saturn, Uranus, Neptune, and Pluto), The illustrations are divided into two 
figures for each planet, Hie first figure gives the insertion requirement 
(for specified values of arrival excess speed) for entry into a circular orbit 
as a function of periapsis radius; the range considered is 1 to 15 planet 
radii. It should be mentioned that there is a distinct value of periapsis 
radius for each hyperbolic excess speed that yields a minimum insertion 
requirement. The value of periapsis radius which yields the minimum insertion 
/\V for a specified capture-orbit eccentricity and arrival excess speed is 
given by 



where fi is the gravitational parameter, is the excess speed, and e is the 
eccentricity. The second figure for each planet shows the reductions in AV 
requirements obtained by entry into an elliptical orbit with a given periapsis 
radius instead of a circular orbit of the same radius. The reduction is a 
function of the periapsis radius and eccentricity only and is equal to 

V r » V c (VI + e - 1) 

where V c is the local circular velocity and e is the desired orbital eccentri- 
city, Eccentricities from 0 to 1 are considered at specific values of periap- 
sis radius up to 15 planet radii. 

The remainder of this section contains the ephemerides of Earth, Jupiter, 
Uranus, Neptune, and Pluto for the years 1970-2000. The following information 
is given: heliocentric radius, heliocentric longitude and latitude, and the 

right ascension and declination of the sun. In addition, the communication 
distance from Earth is printed for the five target planets. The angles are 
expressed in degrees, and the distances in AU. The ephemerides were generated 
using the fixed-ellipse model of the planetary orbits as described by the 
elements in Table 2-1. These values are not the most accurate ones available; 
however, they are sufficiently accurate for preliminary design purposes and 
make this handbook consistent with the previous volumes of the n Planetary 
Flight Handbook. 11 An estimate of the error induced by the fixed-ellipse data 
was obtained by comparing the fixed-ellipse data with that obtained using 
time-varying planetary elements. The discrepancies were approximately 0.5 
degrees in heliocentric longitude for all planets in the year 2000. This is 
the upper bound on the error since the errors are largest for the later years. 
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PERIAPSIS RADIUS - planet radii 

FIGURE 2-1 HYPERBOLIC ASYMPTOTE TURN ANGLE AT JUPITER 
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FIGURE 2-2 HYPERBOLIC ASYMPTOTE TURN 
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FIGURE 2-3 HYPERBOLIC ASYMPTOTE TURN ANGLE AT URANUS 


TURN ANGLE - deg 



FIGURE 2-4 HYPERBOLIC ASYMPTOTE TURN ANGLE AT NEPTUNE 




FLIGHT TIME - days 



FIGURE 2-5 FLIGHT TIME FROM ACTIVITY SPHERE BOUNDARY TO PEklAPSIS 
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FIGURE 2-6 VELOCITY INCREMENT REQUIRED TO DEPART 1 85-km CIRCULAR EARTH ORBIT 




VELOCITY INCREMENT - km/sec 



PERIAPSIS RADIUS - Saturn Radii 


FIGURE 2-7 VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS- SATURN 
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ORBIT ECCENTRICITY 

FIGURE 2-8 VELOCITY SAVINGS OBTAINED BY 
ENTERING ELLIPTIC ORBITS-SATURN 
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VELOCITY INCREMENT - km/sec 




ORBIT ECCENTRICITY 


FIGURE 2-10 VELOCITY SAVINGS OBTAINED BY 
ENTERING ELLIPTIC ORBITS-URANUS 
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VELOCITY INCREMENT - km/sec 



FIGURE 2-11 VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS - NEPTUNE 



VELOCITY SAVINGS - km/sec 



ORBIT ECCENTRICITY 

FIGURE 2-12 VELOCITY SAVINGS OBTAINED BY 
ENTERING ELLIPTIC ORBITS-NEPTUNE 
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FIGURE 2-13 VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS - PLUTO 



VELOCITY SAVINGS - km/sec 



FIGURE 2-14 VELOCITY SAVINGS OBTAINED BY 
ENTERING ELLIPTIC ORBITS - PLUTO 
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PLANFTARY EPHEMERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


EARTH JUPITER 



DATE 



R 

LONG 

LAT 

RAS 

DECS 

R 

LONG 

LAT 

RAS 

DECS 

CD 1ST 

R 

*1350.0 

1972 

PER 

2.5 

0.99 

132.6 

0.0 

315.1 

-17.0 

5.29 

241.5 

0.42 

305.1 

-2.5 

5,96 

9.06 

41360.0 

1972 

FEB 

12.5 

0.99 

142. 7 

0. 0 

325.1 

-13.9 

5.23 

262.3 

0.40 

305.9 

-2.5 

5.83 

9.06 

* 1370.0 

1972 

FEB 

22.5 

0.99 

152. 8 

0. 0 

334.8 

-10.5 

5 .23 

263.1 

0.38 

306.7 

-2.5 

5.70 

9.06 

41380.0 

1972 

9 AR 

3.5 

0.99 

162.9 

0.0 

344.2 

-6.7 

5.28 

263.9 

0.36 

307.6 

-2.4 

5.55 

9.05 

4 1390.0 

1972 

NAR 

13.5 

0. 99 

172.8 

0.0 

353.4 

-2.3 

5.27 

264.7 

0.35 

308.4 

-2.4 

5.40 

9.05 

41400.0 

1972 

NAR 

23.5 

I. 00 

182.8 

0.0 

2.6 

l.l 

5.27 

265.5 

0.33 

309.2 

-2.4 

5.24 

9.05 

41410.0 

1972 

AM 

2.5 

1.00 

192. 7 

0. 0 

11. 7 

5.0 

5 .27 

266.3 

0.31 

310.0 

-2.4 

5.08 

9.05 

4 1420.0 

1972 

APR 

12.5 

1.00 

202.5 

0. 0 

2 0.8 

9.3 

5.26 

267. 1 

0.29 

310.R 

-2.3 

4.9? 

9.05 

41430.0 

1972 

APR 

22.5 

1.01 

212.3 

0.0 

3 0.1 

12.3 

5.26 

267.9 

0.27 

311.6 

-2.3 

4.77 

9.05 

* 1*40.0 

1972 

NAY 

2.5 

l.Ot 

222.0 

0.0 

3 9.6 

15.4 

5.26 

268.7 

0.26 

312.4 

-2.3 

4.6? 

9.05 

41450.0 

1972 

NAY 

12.5 

1.01 

231. 7 

0.0 

49.3 

18.2 

5.25 

269.6 

0.24 

313.2 

-2.2 

4.60 

9.05 

41460.0 

1972 

NAY 

22.5 

1.01 

241. 3 

0.0 

59.2 

2D.* 

5.25 

270.4 

0.2? 

314.0 

-2.2 

*.39 

9. 04 

41470.0 

1972 

JIN 

1.5 

1.01 

250.9 

0. 0 

6 9.3 

22.1 

5.25 

27 1.2 

0.20 

314.9 

-2.2 

*.31 

9.04 

41480.0 

1972 

JUN 

11.5 

1.02 

260.5 

0.0 

79.7 

23.1 

5.24 

272.0 

0.18 

315.7 

-2.1 

4.25 

9.04 

41490.0 

1972 

JUN 

21.5 

1.02 

2 70.0 

0.0 

90.0 

23.4 

5.24 

272.8 

0.16 

316.5 

-2.1 

4.22 

9.04 

41500.0 

1972 

JUL 

1.5 

l.o? 

2 79.6 

0. 0 

100.4 

23.1 

5.23 

273.6 

0.15 

317.3 

-2.1 

4.22 

9.04 

41510.0 

1972 

JUL 

11.5 

1.02 

2 89. 1 

0.0 

110.7 

22. 1 

5.23 

274.5 

D. 13 

318. I 

-2.0 

*.26 

9.04 

41520.0 

1972 

JUL 

21.5 

1.02 

298.6 

0.0 

120.8 

20.4 

5.23 

275.3 

0.11 

318.9 

-2.0 

4.31 

9.04 

41530.0 

1972 

AUG 

0.5 

1.01 

308.2 

0. 0 

13 0.6 

18.2 

5.22 

276.1 

0.09 

319.8 

-2.0 

4.40 

9.04 

41540.0 

1972 

AUG 

10.5 

L.01 

317. 8 

0.0 

14 0.2 

15.5 

5.22 

276.9 

0.07 

320.6 

-1.9 

4.60 

9.04 

41550.0 

197? 

AUG 

20.5 

1.01 

32 7.4 

0. 0 

149.4 

12.4 

5.22 

277.8 

0.05 

321.4 

- 1.9 

4.63 

9.03 

41560.0 

1972 

AUG 

30.5 

1.01 

33 7. 0 

0. 0 

158.1 

3.9 

5.21 

278.6 

0.03 

322. 2 

-1.9 

*.76 

9.03 

4 1570.0 

1972 

SEP 

9.5 

1.01 

346. 7 

0. 0 

167.8 

5.2 

5.21 

279.4 

0 .01 

323. 1 

-1.8 

4.91 

9.03 

41580.0 

197? 

SEP 

19.5 

1.00 

35 6.5 

0. 0 

176. 8 

1.4 

5.21 

280.2 

-0.00 

323.9 

-1.8 

5.06 

9.03 

4 1590. 0 

197? 

SEP 

29.6 

1.00 

6. 3 

0. 0 

1 85.8 

-2.5 

5 .20 

281. 1 

-0.02 

324.7 

-1.8 

5.21 

9.03 

41600.0 

1972 

DC T 

9.6 

1. 00 

16.1 

0. 0 

194.9 

-6.3 

5.20 

201.9 

-0.04 

325.6 

-1.7 

5.37 

9.03 

41610.0 

1972 

DC T 

19.5 

1.00 

2 6. 0 

0. 0 

2 04. 1 

-1D.I 

5.19 

2B2.7 

-0.06 

326.* 

- 1.7 

5.51 

9.03 

41620.0 

19 72 

DCT 

29.5 

0.99 

36.0 

0. 0 

213.7 

-13.5 

5.19 

283.6 

-0.08 

3 27.2 

-1.7 

5.65 

9.03 

4 1 630.0 

1972 

NDV 

8.5 

0.99 

46.0 

0.0 

223.6 

-16.5 

5.19 

284.4 

-0.10 

328. 1 

-1.6 

6.77 

9.03 

4 1640 .0 

1972 

NDV 

18.5 

0.99 

56.1 

0.0 

233. 8 

-19.3 

5.13 

28 5.2 

-0.12 

328.9 

-1.6 

5.88 

9.03 

41650.0 

1972 

ND V 

28. 5 

0. 99 

66.2 

0.0 

244. 3 

-21.4 

5.18 

286. 1 

-0.14 

329.7 

-1.5 

5.97 

9. 02 

41660.0 

1972 

OEC 

8.5 

0.98 

76.3 

0. 0 

255.2 

-22.7 

5.18 

286.9 

-3.16 

330.6 

-1.5 

6.05 

9.02 

41670.0 

1972 

DEC 

13.5 

0.98 

86.5 

0.0 

266.2 

-23.4 

5 .17 

287.7 

-0.17 

331.4 

-1.5 

6.10 

9.02 

41680.0 

1972 

OEC 

28.5 

0.98 

96.7 

0.0 

277.3 

-23.3 

5.17 

288 .6 

-0.19 

332.2 

-1.4 

6.13 

9.02 

4 1600.0 

1973 

JAN 

7.5 

0.9 8 

106.9 

0.0 

288. 3 

-22.4 

5.17 

289.4 

-0.21 

333. 1 

-1.4 

6.15 

9.02 

41700.0 

1973 

JAN 

17.5 

0.98 

117.1 

0. 0 

299.1 

-2D. 8 

5.16 

290.3 

-0.23 

333.9 

-1.3 

6.14 

9.02 

41710.0 

1973 

JAN 

27.5 

0.98 

127.2 

0. 0 

3 09.7 

-13.5 

5.16 

291.1 

-0.25 

334.8 

-1.3 

6.11 

9.02 

41720.0 

1973 

FEB 

6.5 

0.99 

137.4 

0. 0 

319.9 

-15.6 

5.15 

29 2.0 

-0.27 

335.6 

-1.3 

6.06 

9.02 

4 1730.0 

1973 

FEB 

16.5 

0.99 

147. 5 

0. 0 

329.7 

-12.3 

5. 15 

292.8 

-0.29 

336.5 

-1.2 

5.99 

9.02 

41740.0 

1973 

FEB 

26.5 

0.99 

157.6 

0. 0 

33 9.3 

-8.7 

5.15 

293.7 

-0.31 

337.3 

-1.2 

5.90 

9.02 

41750.0 

1973 

NAR 

8.5 

0.99 

167.6 

0.0 

34 8.6 

-4.9 

5.1* 

294.5 

-0.33 

338.2 

-1.1 

5.79 

9.02 

41760. 0 

1973 

MAR 

18.5 

1.00 

177. 6 

0. 0 

357.8 

— l.D 

5.14 

295.3 

-0.34 

3 39.0 

-1.1 

5.67 

9.02 

41770.0 

1973 

NAR 

28.5 

1.00 

187.5 

0. 0 

6. 9 

3.0 

5 .14 

296.2 

-0.36 

339.9 

-1.1 

5.54 

9.0? 

41780.0 

1973 

APR 

7.5 

1.00 

197.3 

0. 0 

16.0 

6.3 

5.13 

297.1 

-0.3R 

340.7 

-1.0 

5.39 

9.02 

41790.0 

1973 

APR 

17.5 

1.00 

207.1 

0.0 

25.2 

10.5 

5.13 

297.9 

-0.40 

341.6 

-l.o 

5.24 

9.02 

41800.0 

1973 

APR 

27.5 

1.01 

216.9 

0.0 

34.6 

13.8 

5.13 

298.8 

-0.42 

342.4 

-0.9 

5.08 

9.01 

41810.0 

19 73 

NAY 

7.5 

1.01 

226. 6 

0. 0 

44. 1 

14.3 

5.12 

299.6 

-0.44 

343.3 

-0.9 

*.92 

9.01 

41820.0 

1973 

NAY 

17.5 

1.01 

236.2 

0.0 

54. 0 

19.3 

5.12 

300 .5 

-0.46 

344. 1 

-0.8 

*.77 

9.01 

41830.0 

1973 

NAY 

27.5 

1.01 

245.9 

0.0 

64.0 

21 .3 

5.12 

3D 1.3 

-0.47 

345.0 

-0.8 

4.6? 

9.01 

41840.0 

1973 

JUN 

6.5 

1.01 

255.4 

0.0 

74.2 

22.7 

5.11 

332.2 

-0.49 

345-8 

-0.8 

4.48 

9.01 

41850.0 

1973 

JUN 

16.5 

1.02 

265.0 

0.0 

84.6 

23.4 

5.11 

3D 3.0 

-0.51 

346.7 

-0.7 

4.35 

9.01 

41860.0 

1973 

JUN 

26.5 

1.02 

2 74. 5 

0. 0 

95.0 

23.* 

5.11 

30 3.9 

-0.53 

347.6 

-0.7 

4. 2 c 

9.01 

41870.0 

1973 

JUL 

6.5 

1.02 

2 84.1 

0.0 

105.3 

22.7 

5.10 

304.8 

—0.56 

348.4 

-0.6 

*. 17 

9.01 

41880.0 

1973 

JUL 

16.5 

1.02 

293.6 

0.0 

115.5 

21.4 

5.10 

305.6 

-0.56 

349.3 

-0.6 

4.11 

9.01 

41890.0 

1973 

JUL 

26.5 

1.02 

303.2 

0.0 

125.5 

19.5 

5.09 

336 .5 

-0.58 

350. 1 

-0.5 

4.08 

9.01 

41900.0 

1973 

AUG 

5.5 

1.01 

312.7 

0.0 

135.2 

17.0 

5.09 

307.4 

-0.60 

351.0 

-0.5 

4.08 

9.01 

41910.0 

1973 

AUG 

15.5 

1.01 

322.3 

0. 0 

144.7 

14.1 

5.09 

308.2 

-0.62 

351.9 

-0.4 

4.11 

9.01 

41920.0 

1973 

AUG 

25.5 

1.01 

331. 9 

0. 0 

154.0 

ID. 8 

5.08 

309.1 

-0 .63 

352.7 

-0.4 

4.17 

9.01 

4 19 30 . 0 

1973 

SEP 

4.5 

1.01 

341.6 

0.0 

163.1 

7.2 

5.08 

310.0 

-0.65 

353.6 

-0.3 

4.26 

9.01 

4 1940.0 

1973 

SEP 

14.5 

1.01 

351.3 

0.0 

172. 1 

3.4 

5.08 

310.8 

— 0 .67 

35*. 5 

-0.3 

4.36 

9.01 

41950.0 

1973 

SEP 

24.5 

1.00 

l.l 

0.0 

181.0 

-0.4 

5.08 

311.7 

-0.69 

355.3 

-0.2 

4.49 

9.01 

41960.0 

1973 

DCT 

4.5 

1.00 

10.9 

0. 0 

190. 1 

-4.3 

5. 37 

312. 6 

-0.70 

356.2 

-0.2 

4.63 

9.01 

41970.0 

1973 

OCT 

14.5 

1.00 

20.8 

0. 0 

199.2 

-8.1 

5 .07 

313.5 

-0.7Z 

357.1 

-0.2 

4.77 

9.01 

41980.0 

1973 

OCT 

24.5 

0.99 

30.7 

0. 0 

2 08. 6 

-11 .7 

5.07 

314.3 

-0.74 

358.0 

-0.1 

4.93 

9.01 

41990.0 

1973 

NDV 

3.5 

0.99 

40.7 

0.0 

218.3 

-15.1 

5.06 

315.2 

-0.75 

358.8 

-0.1 

6.08 

9.01 

42000.0 

1973 

NDV 

13.5 

0. 99 

5 0.8 

0.0 

228.4 

-18.0 

5.06 

316.1 

-0.77 

359.7 

-0.0 

5.23 

9.01 

42010.0 

1973 

NDV 

23.5 

0.99 

6 0.9 

0.0 

238.7 

-20.3 

5.06 

317.0 

-0.78 

0.6 

0.0 

5.38 

9.01 

420 20.0 

1973 

OEC 

3.5 

0.99 

71. 0 

0. 0 

249.4 

-22.1 

5.05 

317.8 

-D .80 

1.5 

0.1 

5.5? 

9.01 

42030.0 

1973 

OEC 

13.5 

0.98 

81.2 

0.0 

260.4 

-23.2 

5.05 

318.7 

-0.82 

2.4 

0.1 

5.64 

9.01 

42040.0 

1973 

OEC 

23.5 

0.98 

91.3 

0.0 

271.5 

-23.4 

5.05 

319.6 

-0.83 

3.2 

0.2 

5.75 

9.01 

42050.0 

1974 

JAN 

2.5 

0.98 

101.5 

0.0 

282.6 

-22.9 

5.04 

320.5 

-0.8 5 

4.1 

0.2 

5.84 

9.01 

42060.0 

1976 

JAN 

12.5 

0. 98 

111. 7 

0.0 

293.5 

-21.7 

5.0* 

321.4 

-0.86 

5.0 

0.3 

5.92 

9.01 

420 70.0 

1974 

JAN 

22.5 

0.98 

121.9 

0. 0 

3 04.2 

-19.7 

5.0* 

322.3 

-0.88 

5.9 

0.3 

5.97 

9.01 

42080.0 

1974 

FEB 

1.5 

0.99 

132.1 

0.0 

314.5 

-17.2 

5.0* 

323.1 

-0.89 

6.8 

0.4 

6.01 

9.01 

42090.0 

1974 

FEB 

11.5 

0.99 

142.2 

0.0 

324.6 

-14.1 

5.03 

324.0 

-0.91 

7.6 

0.4 

6.02 

9.01 

42100.0 

1974 

FFB 

21.5 

C. 99 

152.3 

0. 0 

334.3 

-10.7 

5.03 

324.9 

-0.9 2 

8.5 

0.5 

6.01 

9. 01 

42110.0 

1974 

NAR 

3.5 

0.99 

162.3 

0.0 

343.7 

-5.9 

5.03 

325.8 

-0.94 

9.4 

0.5 

5.98 

9.01 

42120.0 

1974 

MAR 

13.5 

0.99 

172.3 

0. 0 

353.0 

-3.0 

5.02 

326.7 

-0.95 

10.3 

0.5 

5.94 

9.01 

42130.0 

1974 

NAR 

23.5 

1.00 

182.3 

0.0 

2.1 

0.9 

5.02 

327.6 

-0 .96 

11.2 

0.6 

5.87 

9.01 

42140.0 

1974 

APR 

2.5 

1.00 

192.2 

0.0 

11.2 

4.8 

5.02 

328.5 

-0.98 

12.1 

0.6 

5.78 

9.01 

42150.0 

1974 

APR 

12.5 

1. 00 

202.0 

0. 0 

2 0.4 

8.6 

5.02 

329.4 

-0.99 

13.0 

0.7 

5.68 

9.01 

42160.0 

1974 

APR 

22.5 

1.01 

211.8 

0.0 

29.6 

12.1 

5.01 

333. 3 

-1.00 

13.9 

0.7 

5.56 

9.01 

42170.0 

1974 

NAY 

2.5 

1.01 

221. 5 

0. 0 

39. L 

15.3 

5.01 

331.2 

-1.02 

14.8 

0.8 

5.43 

9.01 

42180.0 

1974 

NAY 

12.5 

1.01 

231.2 

0.0 

48. 8 

18.1 

5.01 

332.0 

-1.03 

15. 7 

0.8 

5.29 

9.01 

42190.0 

1974 

NAY 

22.5 

1.01 

240.8 

0.0 

5 8. 7 

2 0.3 

5.01 

332.9 

-1.04 

16.6 

0.9 

5.14 

9.01 


SATURN 

LONG LAT RAS DECS CDTST 


65.7-1.8* 249.* -25.1 8.72 

66.0 -1.83 249. 8 -25.1 8.88 

66.4 -1. 82 250.2 -25.2 9.05 

64.8 -1.81 250.6 -25.2 9.21 

67.1 -1.80 251.0 -25.3 9.37 

67.4 -1.79 251.4 -25.3 9.52 

67.9 -1.77 251.8 -26.4 9.66 

68.3 - 1.76 252.2 -25.4 9.77 

68.6 -1.75 26 2.6 -26.5 9.88 

69.0 -1.74 253.0 -26.5 9.95 

69.4 -1.73 253.4 -25.6 10.01 

69.7 -1.72 253.8 -25.5 10.05 

70.1 -1.70 254.2 -25.7 10.06 

70.5 - 1.69 254.6 - 25.7 10.04 

70.9 -1.68 265.1 -25.8 10.01 

71.7 -1.67 265.5 -25.8 9.95 

71.6 -1.65 255.9 -25.9 9.86 

72.0 -1.64 256.3 -25.9 9.76 

72.4 -1.63 256.7 -25.9 9.64 

72.7 - 1.62 257.1 -26.0 9.51 

73.1 -1.61 257.5 -26.0 9.36 

73.5 -1.60 257.9 -25.0 9.20 

73.8 -1.68 258.3 -26.1 9.04 

74.2 -1.57 258. 8 -26. L 8.87 

74.6 -1.56 269.2 -26.1 9.71 

75.0 -1.55 259.6 -?6.2 8.56 

75.3 -1. 53 260.0 -26.2 8-41 

75.7 -1.52 260.4 -26.2 8.29 

76.1 -1.51 260.8 -26.3 8. 18 

76.5 - 1.49 261.2 -26.3 8.11 

76. 8 -1.48 261.7 -26.3 8.06 

77.2 -1.47 262.1 -24.3 8.04 

77.6 - 1.45 262.5 -26.4 8.05 

77.9 -1.44 262.9 -26.4 8.10 

78.3 -1.43 263.3 -26.4 8. 17 

78. 7 -1.42 2 63.7 -25.4 8.27 

79.1 -1.40 264.2 -26.4 8.40 

79.4 -1.39 264.6 -26.5 8.54 

79.8 -1.37 265.0 -26.5 8.69 

80.2 -1.36 265.4 -26.5 8.86 

80.6 -1.35 265. 8 -26.5 9.02 

80.9 -1.33 266.2 -26.5 9.19 

81.3 -1.32 266.7 -26.5 9.34 

81.7 -1.31 267.1 -26.5 9.49 

82.1 -1.29 267.5 -26.5 9.63 

82.4 -1.28 267.9 -26.5 9.75 

82.8 -1.26 268.3 -26.5 9.35 

83.2 -1.25 268.8 -26.6 9.93 

83.5 -1.24 269.2 -26.6 9.98 

83.9 -1.22 269.6 -26.6 10.02 

84.3 -1.21 270.0 -26.6 10.03 

84. 7 -1. 19 270.* -26.6 13.01 

85.0 -1.18 270.8 -26.6 9.98 

85. * -1.17 271.3 -26.6 9.92 

85.8 - 1.15 271.7 -26.5 9.8* 

86.2 -1.14 272.1 -26.5 9.74 

86.5 -1.12 272. 5 -26.5 9.62 

86.9 -1. 11 272.9 -25.5 3.48 

87.3 -1.09 273.4 -26.5 9.33 

87.7 -1.08 273.8 -26.5 9.17 

88.0 -1.06 274.2 -26.5 9.01 

B8.4 -1.05 274.6 -26.5 8.85 

88.8 -1.03 275.0 -26.5 8.68 

89.2 -1.02 275.4 -26.5 8.53 

89.5 -1.00 275.9 -26.4 8.39 

89.9 -0.99 276.3 -26.4 8.26 

90.3 -0.97 276.7 -26.4 8.16 

90.7 -0.96 277.1 -26.4 8.09 

91.0 -0.94 277.5 -26.4 8.04 

91.4 -0.93 278.0 -26.3 8.02 

91.8 -0.91 278.4 -26.3 8.04 

92.2 -0.90 278.3 -26.3 8.09 

92.5 -0.88 279.2 -26.3 8.16 

92.9 -0.87 279.6 -26.2 8.27 

93.3 -0.85 280.0 -26.2 8.39 

93.7 -0.84 280.5 -26.2 8.53 

94.0 -0.R2 280.9 -26.1 8.69 

94.4 -0.81 281.3 -26.1 8.85 

94.8 -0.79 281.7 -26.1 9.02 

95.2 -0.7R 282. 1 -26.0 9.18 

95.5 -0.76 282.5 -26.0 9.34 

95.9 -0.75 282.9 -26.0 9.49 

96.3 -0.73 2 83.4 -25.9 9.63 

96.6 -0.71 283.8 -25.9 9.74 

97.0 -0.70 284.2 -25.9 9.8* 
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PLANETARY EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 

URANUS NEPTUNE PLUTO 



DATE 



R 

LONG 

LAT 

RAS 

DECS 

CO 1ST 

R 

LONG 

LAT 

RAS DECS 

CO 1ST 

R 

lon; 

LAT 

RAS DECS 

cmsT 

41350.0 

1972 

FEB 

2.5 

18.36 

195.3 

0. 66 

3 5 5.6 

28.8 

17.93 

30 .30 

243.0 

1.65 

229.6 -22.7 

30.66 

31.26 

180.2 

16.22 

136.9 

0.0 

30-63 

41360.0 

1972 

FEB 

12.5 

18.36 

195.5 

0. 66 

355.6 

29.0 

17.79 

30.30 

24-3. 1 

1.65 

229-6 -22.7 

30.49 

31.25 

180.3 

16.23 

136.9 

0.0 

3 0.51 

41370 .0 

1972 

FEB 

22.5 

l 8.36 

195.6 

0.66 

355.6 

29.1 

17.64 

33.30 

243.2 

1.65 

229.7 -22.7 

30.32 

.31.25 

180.4 

16.24 

137.0 

0.0 

30.41 

41380.0 

1972 

MAR 

3.5 

18.36 

195. 7 

0.66 

355.6 

29.2 

17.53 

30.30 

243.2 

1.65 

229.0 -22.8 

30.15 

31. 24 

180.4 

16.24 

137.1 

0.0 

30.34 

41390.0 

1972 

MAR 

13.5 

18.36 

195.9 

0. 66 

355.5 

29.3 

17.45 

30.30 

243.3 

1.65 

229.8 -22. P 

29.98 

31.24 

180.5 

16.25 

137.1 

0.0 

30.30 

41400.0 

1972 

MAR 

23.5 

18.36 

196.0 

0.65 

3 55.5 

29.5 

17.39 

30 .30 

243.3 

1.64 

229.9 -22.8 

29.82 

31.24 

180.5 

16.25 

137.2 

0.0 

30.28 

41410.0 

1972 

A»R 

2. 5 

18.36 

196.1 

0.65 

355. 5 

29.6 

17.36 

30.30 

243.4 

1.64 

229.9 -22.8 

29.68 

31.23 

180.6 

16.26 

137.3 

0.0 

30.29 

41420.0 

1972 

APR 

12.5 

18. 3 6 

196.2 

0.6 5 

355.5 

29.7 

17.37 

30.30 

243.5 

1.64 

230.0 -22.8 

29.55 

31.23 

1 80.7 

16.27 

137.3 

0.0 

30.34 

4t430.0 

1972 

APR 

22.5 

18.36 

196.4 

0.65 

355.4 

29.8 

17.40 

30.30 

243.5 

1.64 

230.1 -22.9 

29.45 

31.22 

180.7 

16.27 

137.4 

0.0 

30.40 

41*40.0 

1972 

MAY 

2.5 

18.36 

196.5 

0. 65 

355. 4 

30.0 

17.46 

30 .30 

243.6 

1.64 

230.1 -22.9 

29.37 

31.22 

180.8 

16.28 

137.4 

0.0 

30.50 

41*50.0 

1972 

NAY 

12.5 

18.36 

196. 6 

0.65 

355.4 

30.1 

17.55 

U) 

0 

0 

243.6 

1.64 

230.2 -22.9 

29.31 

31.21 

180.9 

16.28 

137.5 

0.0 

30.61 

* 1440 • 0 

1972 

MAY 

22.5 

18.36 

196.8 

0.65 

355. 4 

30.2 

17.66 

30.30 

243.7 

1.64 

230.2 -22.9 

29.29 

31.21 

180.9 

16.29 

137.6 

0.0 

30.74 

41470 .0 

1972 

JIN 

1.5 

18.37 

196.9 

0.65 

355.4 

30.3 

17.79 

30 .30 

243.7 

1.64 

230.3 -22.9 

29.29 

31.20 

181.0 

16.30 

137.6 

0.0 

30.88 

41*80.0 

1972 

JUN 

11.5 

18.37 

197. 0 

0.65 

355.3 

30.5 

17.94 

30.30 

243.8 

1.64 

230.4 -22.9 

29.33 

31. 20 

181.1 

16.30 

137.7 

0.0 

31.03 

41490.0 

1972 

J UN 

21.5 

18. 37 

197.1 

0. 65 

355.3 

30.6 

18.09 

30 .30 

243.9 

1.64 

230.4 -23.0 

29.39 

31. 19 

181.1 

16.31 

137.7 

0.0 

31.19 

41500.0 

1972 

JUL 

1.5 

18.37 

197.3 

0. 64 

355. 3 

30.7 

18.26 

30.30 

243.9 

1.64 

230.5 -23.0 

29.48 

31.19 

181.2 

16.31 

137.8 

0*0 

31.35 

41510.0 

1972 

JUL 

11.5 

18.37 

197.4 

0. 64 

355.3 

30.9 

15.43 

30.30 

244.0 

1.64 

230.5 -23.0 

29.59 

31.18 

181.2 

16.32 

137.9 

0.0 

31.50 

41520.0 

1972 

JUl 

21.6 

18.37 

197.5 

0.64 

355.2 

31.0 

18.59 

30.30 

244.0 

1.64 

230.6 -23.0 

29.72 

31.18 

181.3 

16. 3? 

137.9 

0.0 

31.64 

41530.0 

1972 

AUG 

0.5 

18. 37 

197. 6 

0.64 

355.2 

31.1 

18.75 

30.30 

244. 1 

1.64 

230.7 -23.0 

29.87 

31. 17 

181.4 

16.33 

138.0 

0.0 

31.77 

41540.0 

1972 

AUG 

10.5 

18.37 

197. 8 

0. 64 

355.? 

31.2 

18.90 

30 .30 

244.2 

1.64 

230.7 -23.1 

30.03 

31.17 

181.4 

16.34 

13R.1 

0.0 

31.88 

41550.0 

1972 

AUG 

20. 5 

18.37 

197.9 

0.64 

3 55.2 

31.4 

19.03 

30.30 

244.2 

1.63 

230. B -23.1 

30.20 

31.16 

101.5 

16.34 

138.1 

0.0 

31.97 

41560.0 

1972 

AUG 

30.5 

18.37 

198.0 

0. 64 

355. 1 

31.5 

19.15 

30.30 

244.3 

1.63 

230.8 -23.1 

30.36 

31.16 

181.6 

16.35 

13 8.2 

0.0 

32.04 

41570.0 

1972 

SEP 

9. S 

18.37 

190.2 

0.64 

35 5. 1 

31.6 

19.24 

30 .30 

244.3 

1.63 

230.9 -23.1 

30.53 

31.15 

181.6 

16.35 

138.2 

0.0 

32.09 

41580.0 

1972 

SFP 

19.5 

18. 38 

198.3 

0.64 

35 5. 1 

31.7 

19.31 

30 .30 

244.4 

1.63 

231.0 -23.1 

30.69 

31.15 

181.7 

1 6. 35 

139.3 

3.0 

32.11 

41590.0 

1972 

SEP 

29.5 

18.38 

198.4 

0.64 

355.1 

31 .9 

19.36 

30 .30 

244.5 

1.63 

231.0 -23.1 

30.8* 

31.14 

181.8 

16.36 

13 8.4 

0.0 

32.10 

4 1600.0 

1972 

3CT 

9.5 

18.38 

198.5 

0. 64 

355. 0 

32.0 

19.37 

30.30 

244.5 

1.63 

231.1 -23.2 

30.97 

31.14 

181.8 

16.37 

138.4 

0.0 

32.07 

41610.0 

1972 

3CT 

19.5 

18.38 

198.7 

0.63 

355. 0 

32.1 

19.37 

30.30 

244.6 

1.63 

231.2 -23.2 

31.08 

31.14 

181.9 

16.38 

138.5 

0.0 

32.01 

41620.0 

1972 

OCT 

29.5 

18. 38 

198.8 

0.63 

355.0 

32.2 

19.33 

30 .30 

244.6 

1.63 

231.2 -23.2 

31.17 

31.13 

182.0 

16.38 

138.5 

0.0 

31.93 

41630.0 

1972 

NOV 

8.5 

18. 3 8 

198.9 

0.63 

355. 0 

32.4 

19.27 

30.30 

244.7 

1.63 

231.3 -23.2 

31.24 

31.13 

182.0 

16.39 

138.6 

0.0 

3 1 .«? 

41640.0 

19 72 

NOV 

18.5 

18.38 

199.1 

0. 63 

354.9 

32.5 

19.18 

30.30 

244.7 

1.63 

231.3 -23.2 

31.28 

31.12 

182.1 

16.39 

138.7 

0.0 

31.69 

41650.0 

1972 

NOV 

28.5 

18.38 

199.2 

0.63 

354.9 

32.6 

19.07 

30.30 

244.8 

1.63 

231.4 -23.2 

31.28 

31.12 

182.1 

16.40 

138.7 

0.0 

31.54 

*1660.0 

1972 

DEC 

8.5 

18.38 

199.3 

0. 63 

354. 9 

3?. 7 

18.94 

30.30 

244.9 

1.63 

231.5 -23.3 

31.26 

31.11 

182.2 

1 6.40 

138.8 

0.0 

31.38 

41670.0 

1972 

DEC 

18.5 

18.38 

199.4 

0.63 

354.9 

3?. 9 

18.79 

30 .30 

244.9 

1.63 

231.5 -23.3 

31.22 

31. 11 

182.3 

16.41 

138.9 

0.0 

31.2? 

41680.0 

1972 

OFC 

28.5 

18. 38 

199. 6 

0.63 

354.8 

33.0 

18.63 

30.30 

245.0 

1.6? 

231.6 -23.3 

31.14 

31.10 

182.3 

16.42 

138.9 

0.0 

31 .05 

41600.0 

1973 

JAN 

7.5 

18.39 

199. 7 

0.63 

354.8 

33.1 

18.46 

30 .30 

245.0 

1.62 

231.6 -23.3 

31.04 

31.10 

182.4 

16.42 

139.0 

0.0 

30.88 

41700.0 

1973 

J AN 

17.5 

18.39 

199.8 

0.63 

354.8 

33.2 

18.29 

30.30 

245.1 

1.62 

231.7 -23.3 

30.91 

31.09 

182.5 

16.43 

139. 0 

0.0 

30.71 

*1710.0 

1973 

JAN 

27.5 

18.39 

199.9 

0.62 

354. 8 

33.4 

18.12 

30.30 

245.2 

1.62 

231.8 -23. ^ 

30.77 

31.09 

182.5 

16.43 

139.1 

0.0 

30.56 

41720.0 

1973 

FEB 

6.5 

18. 39 

2 00.1 

0.62 

354.7 

33.5 

17.96 

30 .30 

246.2 

1.62 

231.8 -23.4 

30.61 

31. 08 

1 82.6 

16.44 

139.2 

0.0 

30.43 

41730 • 0 

1973 

FEB 

16.5 

18.39 

200.2 

0.62 

354.7 

33.6 

17.81 

30.30 

245.3 

1.62 

231.9 -23.4 

30.45 

31.08 

182.7 

16.44 

139.2 

0.0 

30.31 

41740.0 

1973 

ffb 

26.5 

18.39 

200.3 

0.6? 

354.7 

33.7 

17.68 

30.30 

245.3 

1.62 

231.9 -23.4 

30.28 

31.07 

182.7 

16.45 

13 9.3 

0.0 

30.22 

41750.0 

1973 

MAR 

8.5 

18.39 

200.5 

0. 62 

354.7 

33.9 

17.56 

30.30 

245.4 

1.62 

232.0 -23.4 

30.10 

3 1.07 

182.8 

16.45 

139.4 

0.0 

30.15 

4 1760.0 

1973 

MAR 

18.5 

18.39 

200.6 

0.6? 

354.6 

34.0 

17.45 

30.30 

245.6 

1.62 

232.1 -23.4 

29.9* 

31.07 

182.9 

1 6.46 

13 9.4 

0.0 

30.12 

41770.0 

1973 

MAR 

28.5 

18.39 

200. 7 

0.62 

354.6 

34.1 

17.42 

30.30 

246 .5 

1.62 

232.1 -23.5 

29.78 

31.06 

1 82.9 

1 6.46 

139.5 

0.0 

30.11 

41780.0 

1973 

APR 

7.5 

18.39 

200.8 

0. 62 

354.6 

34.3 

17.39 

30.30 

246.6 

1.62 

232.2 -23.5 

29.64 

31.06 

183.0 

16.47 

139.5 

0.0 

30. 13 

41790.0 

1973 

APR 

17. 5 

18.39 

201.0 

0. 6? 

354.6 

34.4 

17.40 

30.30 

246.6 

1.62 

232.3 -23.5 

29.52 

31.05 

183.0 

16.47 

13 9.6 

0.0 

30.18 

41800.0 

1973 

APR 

27.5 

18. *0 

201.1 

0. 61 

354.5 

34.5 

17.43 

30.30 

245.7 

1.62 

232.3 -23.5 

29.42 

31.05 

183.1 

1 6.48 

13 9.7 

0.0 

30.25 

4 18 10. 0 

1973 

MAY 

7.5 

18.40 

201.2 

0.61 

3 54. 5 

34.6 

17.49 

30.30 

245.7 

1.62 

232.4 -23.5 

29.35 

31.04 

183.2 

16.49 

139.7 

0.0 

30.35 

41820.0 

1973 

MAY 

17.5 

18. 4 C 

201.3 

0. 61 

3 54.5 

34.8 

17.58 

30 .30 

245.8 

1.61 

232.4 -23.5 

29.30 

31.04 

183.2 

16.49 

139.8 

0.0 

30.47 

41830.0 

1973 

MAY 

27.5 

18.40 

201. 5 

0. 61 

354.5 

34.9 

17.69 

30.30 

245.9 

1.61 

232.5 -23.6 

29. 2R 

31.03 

183.3 

16. 50 

13 9.8 

0.0 

30.60 

41840.0 

1973 

JUN 

6.5 

1 8.40 

201.6 

0. 61 

354.4 

35.0 

17.82 

30 .30 

245.9 

1.61 

232.6 -23.6 

29.30 

31.03 

183.4 

16. 50 

139.9 

0.0 

30.74 

41860.0 

1973 

JUN 

16.5 

18.40 

201.7 

0. 61 

354.4 

35.1 

17.97 

30.30 

246.0 

1.61 

232.6 -23.6 

29.34 

31.02 

183.4 

16.51 

140.0 

0.0 

30.90 

41860.0 

1973 

JUN 

26.5 

18.40 

201.9 

0.61 

3 54.4 

35.3 

15.12 

30.30 

246.0 

1.61 

232.7 -23.6 

29.41 

31.02 

183.5 

16.51 

140.0 

0.0 

31.05 

41870.0 

1973 

JUL 

6.5 

18.40 

202.0 

0.61 

354. 4 

35 .4 

18.29 

30 .30 

246.1 

1.61 

232.7 -23.6 

29.50 

31.02 

183.6 

16.52 

140.1 

0.0 

31.21 

41880.0 

1973 

JUL 

16.5 

18.40 

202.1 

0. 61 

354.3 

35.5 

18.46 

30.30 

246.2 

1.61 

232.8 -23.6 

29.62 

31.01 

183.6 

16.52 

140.2 

0.0 

31.36 

41890.0 

1973 

JUL 

26.5 

18.40 

202.2 

0. 41 

354.3 

35.6 

13.52 

30 .30 

246.2 

1.61 

232.9 -23.7 

29. 75 

31.01 

183.7 

16.53 

140.2 

0.0 

31.50 

41900.0 

1973 

AUG 

5.5 

18.41 

202.4 

0. 60 

354.3 

35.8 

18.78 

30 .30 

246.3 

1.61 

232.9 -23.7 

29.91 

31.00 

183.8 

16.53 

140.3 

0.0 

31.62 

419 10. 0 

1973 

AUG 

15.5 

18.41 

202.5 

0. 60 

354.3 

35.9 

13.93 

30.30 

266.3 

1.61 

233.0 -23.7 

30.07 

31. 00 

183.8 

16.54 

140.3 

0.0 

31.73 

41920.0 

1973 

AUG 

25.5 

18.41 

202.6 

0.60 

354.2 

36.0 

19.06 

30.30 

246.4 

1.61 

233.1 -23.7 

30.23 

30. 99 

183.9 

16.54 

140.4 

0.0 

31.8? 

41930.0 

1973 

SFP 

4.5 

18.41 

202.7 

0. 60 

354. 2 

36.1 

19.18 

30.30 

246.5 

1.61 

233.1 -23.7 

30.40 

3 0. 99 

184.0 

16. 55 

140.5 

0.0 

31.89 

41940.0 

1973 

SEP 

14.5 

18.41 

202.9 

0.6 0 

354.? 

36.3 

19.27 

30 .30 

246.5 

1.61 

233.2 -23.8 

30.57 

30. 98 

184.0 

16.^5 

140.5 

0.0 

31.93 

41950.0 

1973 

SEP 

24.5 

18.41 

203.0 

0.60 

354.1 

36.4 

19.34 

30.30 

246.6 

1.60 

233.2 -23.8 

30.73 

30. 98 

184.1 

16.56 

140.6 

0.0 

31.94 

4 1960.0 

1973 

OCT 

4.5 

18.41 

203.1 

0.6 0 

354. 1 

36.5 

19.39 

30.30 

246.6 

1.60 

233.3 -23.8 

30.87 

30.97 

184.7 

16.55 

140.7 

0.0 

31.93 

41970.0 

1973 

OCT 

14.5 

18.41 

203.3 

0.60 

354.1 

36.6 

19.41 

30.30 

246.7 

1.60 

233.4 -23.8 

31.00 

30. 97 

184.2 

16.57 

140.7 

0.0 

31.89 

41980.0 

1973 

OCT 

24.5 

18.41 

203.4 

0.60 

354. t 

36.8 

19.40 

30 .30 

266.7 

1.60 

233.4 -23.8 

31.11 

30. 97 

184.3 

16.57 

140.8 

0.0 

31.82 

41990.0 

1973 

NOV 

3.5 

18.41 

203. 5 

0.59 

354.0 

36.9 

19.36 

30.30 

246.8 

1.60 

233.5 -23.8 

31.19 

30.96 

184.3 

1 6. 58 

14 0.8 

0.0 

31.73 

42000.0 

1973 

NOV 

13.5 

1 8.42 

203.6 

0.59 

354.0 

37.0 

19.30 

30 .30 

246.9 

1.60 
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DATE 

1974 

JUN 

1.5 

X 

18.44 

LONS 

206.2 

URANUS 
lat RAS 

0. 57 353.4 

oecs 

39.5 

CD 1ST 
17.72 

R 

30.29 

LONG 

248.0 

NEPTUNE 

LAT RAS DECS 

1.58 234.8 -24.2 

Cn 1ST 
29.28 

R 

30. 87 

LONS 

185.7 

PLUTO 

LAT 

16.68 

RAS DECS 
142.2 0.0 

CDIST 

30.47 

42210.0 
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30.29 

248.1 

1.58 

234.8 -24 .? 

29.30 

30. 86 

185.8 

16.68 

142.2 

0.0 

33.6? 

42220.0 

1974 

JUN 

21.5 

18.44 

206.4 

0. 57 

353.4 

39.8 

18.00 

30.29 

248.2 

1.58 

234.9 -24.2 

29.35 

30.86 

185.8 

16.69 

142.3 

0.0 

30.77 

42230.0 

1974 

JUL 

1.5 

18.44 

206.6 

0. 57 

353.4 

39.9 

18.16 

30 .29 

248.2 

1.58 

235.0 -24.2 

29.42 

30.86 

185.9 

1 6.69 

142.4 

0.0 

30.93 

42240.0 

1974 

JIL 

11.5 

18.44 

206. 7 

0. 57 

353.3 

40.0 

18.33 

30 .29 

248.3 

1.58 

235.0 -24.3 

29.53 

30.85 

186.0 

16.69 

142.4 

0.0 

31.08 

42250.0 

1974 

JUL 

21.5 

18.44 

2 06. 8 

0.57 

353.3 

40.1 

18.49 

30.29 

248.3 

1.58 

235.1 -24.3 

29.65 

30. 85 

186.0 

16.70 

142.5 

0.0 

31.23 

42260.0 

1974 

AUG 

0.5 

18.44 

206. 9 

0. 56 

353.3 

40.3 

18.66 

30.29 

248.4 

1.58 

235.2 -24.3 

29.79 

30. 84 

106.1 

16.70 

142.5 

0.0 

31.36 

42270.0 

1974 

AUG 

10.5 

18.44 

207.1 

0. 56 

353.2 

40.4 

18.82 

30.29 

248.5 

1.58 

235.2 -24.3 

29.94 

30.84 

186.2 

16.71 

142.6 

0.0 

31.49 

42280.0 

1974 

AUG 

20.5 

18.45 

207.2 

0.56 

353.2 

40.5 

18 .97 

30 .29 

248.5 

1.58 

235.3 -24.3 

30.10 

30.83 

186.2 

16.71 

142.7 

0.0 

31.59 

42290.0 

1974 

AUG 

30.5 

18.45 

207.3 

0. 56 

353.2 

40,5 

19.10 

30.29 

248.6 

1.58 

235.3 -24.3 

30.27 

30.83 

106.3 

16. 72 

142.7 

0.0 

31.67 

42300.0 

1974 

SEP 

9.5 

18.45 

207.4 

0. 56 

353. 1 

40.8 

19.22 

30.29 

248.6 

1.58 

235.4 -24.3 

30.44 

30. 83 

186.4 

16. 72 

142.8 

0.0 

31.73 

42310.0 

1974 

SEP 

19.* 

18.45 

207.6 

0.56 

353.1 

40,9 

19.31 

30.29 

248.7 

1.58 

235.5 -24.4 

30.61 

30. 82 

186.4 

16.73 

142.9 

0. 0 

31.77 

42320.0 

1974 

SFP 

29.* 

18.45 

207. 7 

0.56 

353.1 

41 .0 

19.38 

30.29 

248.8 

1.57 

235.5 -24.4 

30.76 

30. 82 

186.5 

16.73 

142.9 

0.0 

31.78 

42330.0 

1974 

DC T 

9.5 

18.45 

207. 8 

0.56 

3*3. 1 

41.1 

19.43 

30 .29 

248.8 

1.57 

235.6 -24.4 

30.90 

30. 81 

l 86.6 

16.73 

143.0 

0.0 

31.76 

42340.0 

1974 

DC T 

19.5 

18.45 

208.0 

0. 55 

353.0 

41 .3 

19.45 

30.29 

248.9 

1.57 

235.7 -24.4 

31.02 

30.81 

186.6 

16. 74 

143.0 

0.0 

31.71 

42350.0 

1974 

DCT 

29.5 

18.45 

20 8.1 

0. 55 

353. 0 

41.4 

19.44 

30.29 

248.9 

1.57 

235.7 -24.4 

31.12 

30.00 

186.7 

16. 74 

143.1 

0.0 

31.64 

42360.0 

1974 

NDV 

8. * 

18.45 

208.2 

0.55 

3*3.0 

41.5 

19.40 

30 .29 

249.0 

1.57 

235.8 -24.4 

31.20 

30. 80 

186.8 

16. 75 

143.2 

0.0 

31.55 

*•2370 . 0 

1974 

NDV 

18.5 

18.46 

208.3 

0.55 

352.9 

41.5 

19.34 

30 .29 

249.0 

1.57 

235.8 -24.5 

31.25 

30.80 

186.8 

16. 75 

143.2 

0.0 

31.43 

42380.0 

1974 

ND V 

28.5 

18. 46 

208. 5 

0.55 

352.9 

41.8 

19.25 

30 .29 

249.1 

1.57 

235.9 -24.5 

31.28 

30. 79 

1 86. 9 

16.75 

143.3 

0.0 

31.29 

4 2 390.0 

1974 

OEC 

8.5 

18.46 

208.6 

0. 55 

352.9 

41.9 

19.14 

30.29 

249 .2 

1.57 

236.0 -24.5 

31.27 

3 0. 79 

187.0 

16. 76 

143.4 

0.0 

31.14 

42400.0 

1974 

DEC 

18.5 

18.46 

208. 7 

0. 55 

352. 8 

42.0 

19.01 

30.29 

249.2 

1.57 

236.0 -24.5 

31.23 

30.78 

187.0 

1 6. 76 

143.4 

0.0 

30.98 

42410.0 

1974 

OEC 

28.* 

18.46 

2 08.8 

0. 55 

352. 8 

42.1 

18.36 

30 .29 

249.3 

1.57 

236.1 -24.5 

31.17 

30. 78 

187.1 

16. 77 

143.5 

0.0 

30.81 

42420.0 

1975 

JAN 

7.5 

18.46 

209.0 

0.55 

352. 8 

42.3 

18.70 

30.29 

249.3 

1.57 

236.1 -24.5 

31. OR 

3 0.77 

L 87. 2 

16. 77 

143.6 

0.0 

30.64 

42430.0 

1975 

JAN 

17.5 

18.46 

209. 1 

0.54 

352.7 

42.4 

18.53 

30.29 

249.4 

1.57 

236.2 -24.6 

30.97 

30. 77 

187.2 

l 6.78 

143.6 

0.0 

30.47 

42440.0 

1975 

JAN 

27.5 

18.46 

209.2 

0.54 

35 2.7 

42.5 

18.36 

30 .29 

249.5 

1.56 

236.3 -24.6 

30.83 

30.77 

187.3 

16.78 

143.7 

0.0 

30.32 

42450.0 

1975 

FER 

6.5 

18.46 

209. 3 

0. 54 

352. 7 

42 .5 

13.19 

30 .29 

249.5 

1.56 

236.3 -24.6 

30.68 

30.76 

187.4 

l 6. 78 

143. 7 

0.0 

30.17 

42460.0 

1975 

FEB 

16.5 

18.47 

209.5 

0.54 

352.6 

42.8 

18.03 

30.29 

249.6 

1.56 

236.4 -?4.6 

30.52 

30. 76 

187.4 

16. 79 

143. 8 

0.0 

30.05 

42470.0 

1975 

FEB 

26.5 

1 8.47 

2 09.6 

0. 54 

352. 6 

42.9 

17.88 

30.29 

249.6 

1.56 

236.5 -24.6 

30. 35 

30. 75 

187.5 

16. 79 

143.9 

0.0 

29.94 

42480.0 

1975 

MAR 

8.* 

18.47 

209. 7 

0. 54 

352.6 

43.0 

17.75 

30 .29 

249.7 

1.56 

236.5 -24.6 

30.18 

30. 7* 

107.6 

16.80 

143.9 

0.0 

29.86 

42490.0 

1975 

MAR 

18.5 

18.47 

209.9 

0. 54 

352.5 

43. L 

17.64 

30 .29 

249.8 

1.56 

236.6 -24.6 

30.01 

30.75 

187.6 

l 6. 80 

144.0 

0.0 

29.81 

42500.0 

1975 

MAR 

28.5 

18.47 

210.0 

0. 54 

352.5 

43.2 

17.56 

30.29 

249.8 

1.56 

236.6 -24.7 

29.85 

30.74 

187.7 

16.80 

144.1 

0.0 

29.79 

42510.0 

1975 

APR 

7.5 

18.47 

210. 1 

0. 53 

352.6 

43.4 

17.50 

30.29 

249.9 

1.56 

236.7 -24.7 

29.70 

30. 74 

187.8 

16. 81 

144. 1 

0.0 

29.79 

42520.0 

1975 

APR 

17.5 

18.47 

21 0.2 

0. *3 

362.6 

43.* 

17.47 

30.29 

249.9 

1.56 

236.8 -24.7 

29.57 

30. 73 

187.8 

16.81 

144.2 

n.o 

29.8 3 

42530.0 

1975 

APR 

27.5 

18.47 

210.4 

0. *3 

3*2.4 

43.5 

17.47 

30.29 

250.0 

1.56 

236.8 -?4.7 

29.46 

30.73 

187.9 

16. 82 

144.2 

0.0 

29.89 

42540.0 

1975 

MAY 

7.5 

18.48 

210.5 

0. 53 

3 62.4 

43.7 

17.51 

30 .29 

250.0 

1.56 

236. 9 -24.7 

29.37 

30.7? 

188.0 

16.8? 

144.3 

0.0 

29.97 

42550.0 

1975 

MAY 

17. 5 

18.48 

210.6 

0. 53 

352.4 

43.9 

17.57 

30.29 

250.1 

1.55 

237.0 -24.7 

29.31 

30. 72 

188.0 

16.82 

144.4 

0.0 

30.08 

42560.0 

1975 

MAY 

27.5 

18.48 

21 0. 7 

0.5 3 

352.3 

44.0 

17.65 

30.29 

2*0.2 

1.55 

237.0 -24.8 

29.28 

30. 72 

108.1 

16. 83 

1 4 A . 4 

0.0 

30.20 

42570.0 

1975 

JUN 

6.5 

18.48 

210.9 

0.53 

3 5 2. 3 

44.1 

17.76 

30 .29 

250.2 

1.55 

237.1 -24. P 

29.28 

30. 71 

188.2 

16. 83 

144.5 

0.0 

30.34 

42580.0 

1975 

JUN 

16.5 

18.48 

211.0 

0. 53 

3*2.3 

44.2 

17.90 

30.29 

250.3 

1.55 

237.1 -24.8 

29.31 

30.71 

188.2 

16. 84 

144.6 

0.0 

30.49 

42*90.0 

1975 

J UN 

26. 5 

18.48 

211.1 

0. *2 

3*2. 2 

44.4 

18.04 

30.29 

250.3 

1.55 

237.2 -24.8 

29.36 

3 0. 70 

188.3 

16. 84 

144.6 

0.0 

30.65 

42600.0 

1975 

JUL 

6.5 

18.48 

211.2 

0. 52 

352.2 

44.5 

18 .20 

30.29 

250.4 

1.65 

237.3 -24.8 

29.44 

30.70 

188.4 

16. 84 

144.7 

0.0 

30.81 

42610.0 

1975 

JUL 

1 6. 5 

1 8.4 8 

211.4 

0.52 

362. 1 

44.5 

18.37 

30.29 

250.5 

1.65 

237.3 -24.8 

29. 55 

3 0.70 

188.4 

16.85 

144.8 

0.0 

30.96 

42620.0 

1975 

JUL 

26.5 

18.49 

211.5 

0.5 2 

352. 1 

44.7 

18.53 

30 .29 

250.5 

1.55 

237.4 -24.9 

29.68 

3 0. 69 

188.6 

16. R5 

144.8 

0.0 

31.10 

42630.0 

1975 

AUG 

5.5 

18.49 

211. 6 

0. 52 

352. L 

44.9 

18 .70 

30 .29 

250.6 

1.56 

237.5 -24.9 

29.82 

30.69 

188. 6 

16. 8* 

144.9 

0.0 

31.24 

42640.0 

1975 

AUG 

15.5 

18.49 

211.7 

0. 52 

362. 0 

45.0 

13 .86 

30 .29 

250.6 

1.55 

237.5 -24.9 

29.98 

30.68 

1 88.6 

16. 86 

144.9 

0.0 

31.36 

42650.0 

1975 

AUG 

25.5 

18.49 

211.9 

0. 52 

352.0 

45.1 

19.01 

30 .29 

250.7 

1.55 

237.6 -24.9 

30.14 

30.68 

188.7 

16. 86 

145.0 

0.0 

31.46 

42660.0 

1975 

SFP 

4.5 

18.49 

212.0 

0.6 2 

3*2. 0 

46.2 

19.14 

30 .29 

250.8 

1.65 

237.7 -24.9 

30. 31 

30.68 

IBP. 7 

16. 87 

145. 1 

0.0 

31.53 

42670.0 

1975 

SFP 

14.5 

18.49 

212.1 

0.51 

3*1.9 

45.4 

19.26 

30 .29 

2*0. R 

1.54 

237.7 -24.9 

30.48 

30. 67 

188.8 

16.87 

145.1 

0.0 

31.59 

42680.0 

1975 

SFP 

24.5 

18.49 

212.3 

0. 51 

351. 9 

45.5 

19 .35 

30 .29 

250.9 

1.54 

237.8 -24.9 

30.64 

30.67 

188.9 

16. 87 

145.? 

o.n 

31.6? 

42 690. 0 

1975 

DCT 

4.5 

18.49 

212.4 

0.51 

361.9 

45.6 

19.43 

30 .29 

250.9 

1.54 

237.8 -25.0 

30.79 

30. 66 

1 88. 9 

16.88 

145.3 

0.0 

31.62 

42700.0 

1975 

DCT 

14.5 

18.50 

212.5 

0. 51 

351. 8 

45.7 

19.47 

30 .29 

251.0 

1.54 

237.9 -26.0 

30.93 

30.66 

189.0 

16.88 

145.3 

0.0 

31.60 

42710.0 

1975 

DCT 

24.5 

18.50 

212. 6 

0. 51 

351.8 

45. R 

19.49 

30 .29 

25 1.0 

1.54 

238.0 -25.0 

31.06 

30.66 

189. 1 

16.88 

145.4 

o.n 

31.5* 

42720.0 

1975 

NDV 

3.5 

18. 5 0 

212.8 

0.61 

361. 8 

46.0 

19.48 

30.29 

251.1 

1.54 

238.0 -25.0 

31.14 

3 0. 65 

189.1 

16.89 

145.5 

0.0 

31.47 

42730.0 

1975 

NDV 

13.5 

18.50 

212.9 

0. 51 

351.7 

45.1 

19.45 

30.29 

2*1.2 

1.54 

238.1 -25.0 

31.21 

30.65 

189.2 

16. 89 

1 4*. 5 

0.0 

3 I .37 

42740.0 

197* 

NDV 

23.5 

18.50 

21 3. 0 

0.51 

35 1.7 

46.2 

19.38 

.30 .29 

25 1.2 

1.54 

238,2 -?*.0 

31.26 

30,64 

189. 3 

l 6. R9 

145.6 

0.0 

31.25 

42750.0 

1975 

DEC 

3.5 

18.50 

213. 1 

0. 50 

351. 7 

46.3 

19.29 

30 .29 

251.3 

1.54 

238.2 -25.0 

31.27 

3 0. 64 

189.3 

16.90 

14*.6 

0.0 

31.11 

42760.0 

1975 

DEC 

13.* 

18.50 

213.3 

0. 50 

351.6 

46.5 

19.18 

30 .29 

251.3 

1.54 

238.3 -25. 1 

31.26 

30.64 

189.4 

16.90 

L45.7 

0.0 

30.95 

42770.0 

1975 

OEC 

23.5 

18. 50 

213.4 

0. 5 0 

351. 6 

46 .6 

19.05 

30.29 

25 1.4 

1.54 

238.3 -2*. 1 

31.22 

30.63 

189.5 

16.90 

145.8 

0.0 

30.79 

42780.0 

1976 

JAN 

2.5 

1 8.51 

21 3. 5 

0. 50 

351. 6 

45.7 

19.90 

30 .29 

251.5 

1.53 

238.4 -25.1 

31.16 

3 0.63 

189.5 

16.91 

145. 8 

0.0 

30.62 

42790.0 

1976 

JAN 

12.5 

18.51 

213.6 

0. 50 

351.5 

46.8 

18.74 

30 .29 

25 1.6 

1.63 

238.5 -25.1 

31.06 

30.62 

189.6 

16.91 

14*. 9 

0.0 

30.4* 

42800.0 

1976 

JAN 

22.5 

18.51 

213. 8 

0. *0 

351.6 

47.0 

18.57 

30 .29 

251.6 

1.53 

238.5 -25.1 

30.93 

30. 6? 

189.7 

16.91 

146.0 

0.0 

30.29 

42R10.0 

1976 

FER 

1.5 

18.51 

21 3.9 

0. 50 

351. 4 

47.1 

13.40 

3) .29 

251.6 

1.63 

238.6 -25.1 

30.79 

30. 6? 

189.7 

16.92 

146. 0 

0.0 

30.13 

42820.0 

1976 

FFB 

11.5 

18.51 

214. 0 

0.4 9 

361.4 

47.2 

18.24 

30.29 

251.7 

1.53 

238.7 -2*. 2 

30.64 

30. 61 

l 89.0 

16.92 

146. 1 

0.0 

29. 99 

42830.0 

1976 

Fee 

21.5 

18. 51 

214. 1 

0. 49 

361. 4 

47.3 

18.07 

30 .29 

251.R 

1. 63 

238.7 -25.2 

30.47 

30. 61 

189. Q 

16.92 

146.2 

0.0 

29.87 

42840.0 

1976 

MAR 

2.5 

LB. 51 

214.3 

0. 49 

351.3 

47.5 

17.93 

30 .29 

251.8 

1.53 

238.8 -?*. 2 

30. 30 

30.60 

189.9 

16.93 

146.2 

0.0 

29.77 

42850.0 

1976 

MAR 

12.5 

18.51 

214.4 

0. 4 9 

351. 3 

47.6 

17.80 

30 .29 

251.9 

1.53 

238.8 -25.2 

30.13 

30. 60 

190.0 

16.93 

146.3 

0.0 

29.70 

42860.0 

1976 

MAR 

22. * 

18.52 

214.5 

0.49 

351.2 

47.7 

17.69 

30 .29 

25 1.9 

1.53 

238.9 -25.2 

29.96 

30. 60 

190.1 

16.93 

146.4 

0.0 

29.65 

42870 .0 

1976 

APR 

1.5 

18.52 

214.6 

0. 49 

351.2 

47.8 

17.60 

30 .29 

252.0 

1.53 

239.0 -25.2 

29.80 

30.59 

190. 1 

16.94 

146.4 

0.0 

29.64 

42880. 0 

1976 

APR 

11.5 

18. 52 

214. 8 

0.49 

351. 2 

47.9 

17.54 

30 .29 

252.0 

1.53 

239.0 -2*. 2 

29.66 

30. 59 

190.2 

l 6. 94 

146.* 

0.3 

29.65 

42890.0 

1976 

A»R 

21.5 

18.52 

214. 9 

0. 4 9 

361.1 

48.1 

17.52 

30.29 

252.1 

1.52 

239.1 -25.3 

29.63 

30.58 

190.3 

16.94 

146.5 

0.0 

29.69 

42900.0 

1976 

MAY 

1.5 

18.52 

215.0 

0. 48 

351.1 

48.2 

17.52 

30 .29 

252.2 

1.52 

239.2 -25,3 

29.43 

30.58 

190.3 

16. 95 

146.6 

0.0 

29.76 

42910.0 

1976 

MAY 

11.5 

18.52 

215. 1 

0. 48 

351. 1 

43.3 

17.55 

30.28 

252.2 

1.52 

239.2 -25.3 

29.35 

30.50 

190.4 

16.95 

146.7 

0.0 

29.05 

42920.0 

1976 

MAY 

21.5 

18.52 

21 5.3 

0.48 

351.0 

48.4 

17.61 

30 .28 

252.3 

1.52 

239.3 -25. 3 

29.30 

3 0.57 

190.6 

16.95 

146.7 

n.o 

29.96 

42930.0 

1976 

JUN 

0.5 

18.52 

21 5.4 

0.4R 

3*1.0 

43.6 

17.70 

33 .28 

25 2.3 

1.52 

239.4 -25.3 

29.27 

30.57 

190. 6 

16. 96 

146.8 

0.0 

30.09 

47940.0 

1976 

JUN 

10.5 

18.53 

21 5. 5 

0.4 8 

3*0.9 

48.7 

17 .81 

30.28 

252.4 

1.5? 

239.4 -25.3 

29.78 

30.56 
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PLANETARY EPHEHERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


43050.0 

1976 

SEP 

28.5 

43060.0 

1976 

3CT 

8.5 

43070.0 

1976 

OCT 

18.5 

43080.0 

1976 

OCT 

28.5 

43090.0 

1976 

NOV 

7.5 

43100.0 

1976 

NOV 

17.5 

43110.0 

1976 

NOV 

27.5 

43120.0 

1976 

DEC 

7.5 

43130.0 

1976 

DEC 

17.5 

43140.0 

1976 

DEC 

27.5 

43150.0 

1977 

JAN 

6.5 

43160.0 

1977 

JAN 

16.5 

43170.0 

1977 

JAN 

26.5 

43180.0 

1977 

FEB 

5.5 

43190.0 

1977 

FEB 

15.5 

43200.0 

1977 

FEB 

25.5 

43210.0 

1977 

NAT 

7.5 

43220.0 

1977 

NAT 

17.5 

43230.0 

1977 

MAT 

27.5 

43240.0 

1977 

APR 

6.5 

43250.0 

1977 

APR 

16. 5 

43260.0 

1977 

APT 

26. 5 

43270.0 

1977 

MAY 

6.6 

43280.0 

1977 

MAY 

16.5 

43290.0 

1977 

NAY 

26.5 

43300.0 

1977 

JUN 

5.5 

43310.0 

1977 

JUN 

15.5 

43320.0 

1977 

JIN 

25.5 

43330.0 

1977 

JUL 

5.5 

43340.0 

1977 

JUL 

15.5 

43350.0 

1977 

JUL 

25. 5 

4 3360.0 

1977 

AUG 

4.5 

43370.0 

1977 

AUG 

14.5 

43380.0 

1977 

AUG 

24.5 

43390.0 

1977 

SEP 

3.5 

43400.0 

1977 

SEP 

13.5 

43410.0 

1977 

SEP 

23.5 

43420.0 

1977 

OCT 

3.5 

43430.0 

1977 

OCT 

13.5 

43440.0 

1977 

OCT 

23.5 

43450.0 

1977 

NOV 

2.5 

43460.0 

1977 

NOV 

12.5 

43470.0 

1977 

NOV 

22.5 

43480.0 

1977 

DEC 

2.5 

43490.0 

1977 

DEC 

12.5 

43500.0 

1977 

DEC 

22.5 

43510.0 

1978 

JAN 

1.5 

43520.0 

1970 

JAN 

11.5 

43530.0 

1978 

JAN 

21.5 

43540.0 

1978 

FEB 

0.5 

43550.0 

1978 

FEB 

10.5 

43560.0 

1978 

FE8 

20.5 

43570.0 

1978 

MAR 

2.5 

43580.0 

1978 

NAT 

12.5 

43590.0 

1978 

NAR 

22.5 

43600.0 

1978 

APR 

1.5 

43610.0 

1978 

A 5 T 

11.5 

43620.0 

1978 

APR 

21.5 

43630.0 

1978 

MAY 

1.5 

43640.0 

1978 

MAY 

11.5 

43650.0 

19 78 

MAY 

21.5 

43660.0 

1978 

JUN 

0.5 

43670.0 

1978 

JUN 

10.5 

43680.0 

1978 

JUN 

20.5 

43690 .0 

1978 

JUL 

0.5 

43700.0 

1978 

JUL 

10.5 

43710.0 

1978 

JUL 

20.5 

43720.0 

1978 

JUL 

30.5 

43730.0 

1978 

AUG 

9.5 

43740.0 

1978 

AUG 

19.5 

43750.0 

1978 

AUG 

29.5 

43760 . 0 

1978 

SEP 

8.5 

43770.0 

1978 

SEP 

18.5 

43780.0 

1978 

SEP 

28.5 

43790.0 

1978 

OCT 

8.5 

*3800.0 

1978 

OCT 

18.5 

438 10 .0 

1978 

OCT 

28.5 

43820.0 

1978 

NOV 

7.5 

43830.0 

1978 

NOV 

17.5 

43R40.0 

1978 

NOV 

27.5 

43850.0 

1978 

DEC 

7.5 

43860.0 

1978 

DEC 

17.5 

43870.0 

1978 

DEC 

27.5 

43880.0 

1979 

JAN 

6.5 

41890.0 

1979 

JAN 

16.5 


URANUS 


T 

LONS 

LAT 

RAS 

18.54 

216.9 

0.46 

350.5 

18.54 

217.0 

0.46 

350.4 

18.54 

217.2 

0.46 

350-4 

18.55 

217.3 

0.46 

350.4 

18.55 

217.4 

0.46 

35 0.3 

18.55 

217.5 

0.46 

35 0.3 

18.55 

217.7 

0.46 

350.2 

18. 55 

217.8 

0.45 

3 50.2 

18.55 

217. 9 

0.45 

35 0.2 

18.55 

218.0 

0.45 

350.1 

18.55 

218.2 

0.45 

350.1 

18.56 

218.3 

0.45 

350.0 

18.56 

218.4 

0.45 

35 0. 0 

18.56 

21 8.6 

0.45 

349.9 

18.56 

218.7 

0. 44 

349.9 

18.56 

218.8 

0. 44 

349.8 

18.56 

218.9 

0.44 

349.8 

18.56 

219.0 

0.44 

349.8 

18.57 

219.2 

0.44 

349.7 

18.57 

219.3 

0. 44 

34 9.7 

18.57 

219.4 

0. 44 

349.6 

18.57 

219.5 

0. 44 

349.6 

18. 57 

219. 7 

0.43 

349.5 

18.57 

219. 8 

0. 43 

349.5 

18.57 

219.9 

0.43 

349.4 

18.58 

220.0 

0.43 

349.4 

18.58 

220.2 

0.43 

349.3 

18.58 

220.3 

0.43 

349. 3 

18.58 

220.4 

0. 43 

349.2 

18.58 

22 0.5 

0. 42 

349.2 

18.58 

22 0.7 

0.42 

34 9.1 

18.58 

22 0.8 

0.42 

349.1 

18.59 

220.9 

0.42 

349.0 

18.59 

221.0 

0.42 

349. 0 

18.59 

221.2 

0. 42 

34 8.9 

18.59 

221.3 

0.42 

348.9 

18.59 

221.4 

0.41 

348. 8 

18.59 

221.5 

0.41 

348.8 

18.59 

221.7 

0.41 

348.7 

18.40 

221.8 

0. *1 

348.7 

1 8. 60 

221.9 

0.41 

348.6 

1 8.60 

222.0 

0.41 

3*8. 5 

1 8.60 

222.2 

0.41 

348.5 

18.60 

222.3 

0.4 0 

3 48.5 

18.60 

222.* 

0. 40 

34 8.4 

18. 60 

272.5 

0. 40 

34 8.4 

18.61 

222.7 

0. 40 

348.3 

18.61 

222. 8 

0.40 

34 8.3 

18.61 

222.9 

0.40 

34 8.2 

18.61 

223.0 

0.40 

3*8.2 

18. 61 

223.2 

0. 3 9 

34 8.1 

1 8.61 

223.3 

0.39 

34 8.0 

18.62 

223.4 

0.39 

34 8.0 

18. 62 

223.5 

0. 39 

347. 9 

18.62 

223.6 

0. 39 

347.9 

18.62 

223.8 

0. 39 

347.8 

18.6? 

223. 9 

0.3 9 

347. 3 

18.62 

224.0 

0. 3 8 

347.7 

18.62 

224. 1 

0. 38 

347. 7 

18.63 

224.3 

0. 3 8 

34 7.6 

18.63 

224.4 

0.38 

347.5 

18.63 

224. 5 

0. 3 8 

347.5 

18.63 

224.6 

0. 38 

34 7.4 

18.63 

224.8 

0. 38 

347.4 

18.63 

224.9 

0. 37 

34 7.3 

18. 63 

225. 0 

0.37 

347.2 

18.64 

22 5. 1 

0.3 7 

347.2 

18.64 

225.3 

0.37 

34 7. 1 

18.64 

22 5.4 

0. 37 

34 7. 1 

18.64 

225.5 

0. 37 

347. 0 

18.64 

225.6 

0.36 

346.9 

18.64 

22 5. 8 

0.36 

346.9 

18.65 

225.9 

0. 36 

346. 8 

18.65 

226.0 

0. 3 6 

346. 7 

18.65 

226. t 

0. 36 

346. 7 

18.65 

226.3 

0. 36 

346. 6 

18.65 

226. 4 

0. 3 6 

346. 5 

18.65 

226.5 

0.35 

346.5 

18.65 

226.6 

0. 35 

346. 4 

18.66 

226.8 

0. 35 

346. 4 

18.66 

226.9 

0. 35 

346. 3 

18.66 

227.0 

0. 3 5 

346. ? 

18.66 

22 7.1 

0.35 

3*6.2 

18.66 

227.2 

0. 35 

3*6.1 

18.66 

227.4 

0. 34 

346. 0 


DECS 

CDIST 

R 

LONG 

50.0 

19.40 

33.28 

253.1 

50.2 

19.47 

30.28 

253.1 

50.3 

19.52 

30.28 

253.2 

53.4 

19.54 

33 .28 

253.2 

50.5 

19.53 

30.28 

253.3 

50.5 

19.49 

33.28 

253.3 

50.3 

19.43 

33.28 

253.4 

50.9 

19.34 

30.28 

253.5 

51. 3 

19.23 

33 .28 

253.5 

51.1 

19.10 

30.28 

253.6 

51.3 

18.95 

30.28 

253.6 

51.4 

18.79 

33.28 

253.7 

51.5 

18.6? 

33 .28 

253.8 

51.6 

IB. 45 

33 .28 

253.8 

51.7 

18.28 

30 .28 

253.9 

51.9 

18.12 

30.28 

253.9 

52.3 

17.97 

33.28 

254.0 

52.1 

17.84 

33 .20 

254.1 

52.2 

17.73 

33 .28 

254.1 

5 2.4 

17.65 

33 .28 

254.2 

52.5 

17.59 

30.28 

254.2 

52.6 

17.57 

33.28 

254.3 

52.7 

17.57 

30.28 

254.3 

52.8 

17.60 

30 .28 

254.4 

53.0 

17 .66 

33 .28 

254.5 

53.1 

17.75 

30.28 

254.5 

53.2 

17.86 

33.28 

254.6 

53.3 

17.99 

33.28 

254.6 

53.5 

18.14 

33.28 

254.7 

53.6 

13.29 

33 .28 

254.0 

53.7 

18.46 

33 .28 

254.8 

53.8 

18.63 

30.28 

254.9 

53.9 

18.80 

30.28 

254.9 

54.1 

13 .96 

33.28 

255.0 

5 4.2 

19.10 

33 .28 

255. 1 

54.3 

19 .24 

30.28 

255.1 

54.4 

19.36 

33 .28 

255.2 

54.5 

19.45 

30.28 

255.? 

5 4.7 

19.52 

33 .28 

255.3 

54.8 

19.57 

33 .28 

255.4 

54.9 

19.59 

30 .28 

255.4 

55.3 

19.53 

30.28 

255.5 

55.1 

19.54 

30.28 

255.5 

55.3 

19.43 

33 .28 

255.6 

55.4 

19.39 

33 .28 

256.6 

55.5 

19.28 

30.28 

255.7 

55.6 

19.15 

33 .28 

265.8 

55.8 

19.00 

30.28 

255.8 

5* .9 

18.84 

33 .28 

265.9 

56.0 

18.47 

33 .28 

255.9 

56.1 

18.50 

33 .28 

256.0 

56.2 

13.33 

33 .28 

256. 1 

56.4 

18.17 

30.28 

256.1 

56.5 

13.02 

33 .28 

256.2 

56.6 

17.39 

33 .28 

256.2 

56.7 

17.79 

30 .28 

256.3 

56.3 

17.73 

33 .28 

256.4 

57.0 

17.65 

30 .28 

256.4 

57.1 

17.62 

33 .28 

256.5 

57.2 

17.62 

33 .28 

256.5 

57.3 

17 .65 

33 .27 

256.6 

57. 4 

17.71 

33 .27 

256.6 

57.6 

17 .80 

33.27 

256.7 

57.7 

17.91 

33.27 

256. R 

57.3 

13 .34 

33.27 

256.8 

57.9 

19.19 

33 .27 

256.9 

53.3 

13.35 

33.27 

256.9 

58.2 

18.51 

30 .27 

257.0 

58.3 

18.68 

33.27 

257.1 

58. 4 

18.85 

33.27 

257.1 

58.5 

19.31 

33.27 

257.2 

53.6 

19.16 

33 .27 

257.2 

58.8 

19.29 

33 .27 

257.3 

53.9 

19.41 

33.27 

257.4 

59.0 

19 .51 

33.27 

257.4 

59.1 

19.58 

33 .27 

257.5 

59.2 

19.62 

33.27 

257.5 

59.4 

19.64 

33 .27 

257.6 

59.5 

19.63 

30.27 

257.6 

59.6 

19.60 

33 .27 

257.7 

59.7 

19.53 

33 .27 

257.8 

59.3 

19.44 

33.27 

257. R 

60.3 

19.33 

30.27 

257.9 

50.1 

19.20 

30 .27 

257.9 

60.2 

19.05 

33.27 

258.0 


NEPTUNE 

LAT RAS DECS CD! ST 


1.51 240.1 -25.5 30.68 
1.51 240-2 -25.5 30.82 
1.51 240.2 -25.5 30.96 
1.51 240.3 -25.5 31.07 
1.51 240.4 -25.5 31.16 

1.50 240.4 -25.6 31.22 
1.50 240.5 -25.6 31.26 
1.50 240.6 -25.6 31.27 
1.50 240.6 -25.6 31.25 
1.50 240.7 -25.6 31.20 

1.50 240.7 -25.6 31.12 
1.50 240.8 -25.6 31.02 
1.50 240.9 -25.7 30.89 
1.50 240.9 -25.7 30.75 
1.50 241.0 -25.7 30.59 

1.49 241.1 -25.7 30.42 
1.49 241.1 -25.7 30.25 
1.49 241.2 -25.7 30.08 
1.49 241.3 -25.7 29.92 
1.49 241.3 -25.7 29.76 

1.49 241.4 -25.8 29.62 
1.49 241.4 -25.8 29.50 
1.49 241.5 -25.8 29.40 
1.49 241.6 -25.8 29.33 
1-49 241.6 -25.8 29.28 

1.48 241.7 -25.8 29.27 
1.48 241.8 -25.8 29.28 
1.48 241.8 -25.9 29.3 2 
1.48 241.9 -25.9 29.39 
1.48 242.0 -25.9 29.48 

1.48 242.0 -25.9 29.60 
1.48 242.1 -25.9 29.74 
1.48 242.1 -25.9 29.89 
1.48 242.2 -25.9 30.05 
1.48 242.3 -25.9 30.22 

1.47 242.3 -26.0 30.39 
1.47 242.4 -26.0 30.55 
1.47 242.5 -26.0 30.71 
1.47 242-5 -26.0 30.85 
1.47 242.6 -26.0 30.98 

1.47 242.7 -26.0 31.09 
1.47 242.7 -26.0 31.17 
1.47 242.8 -26.! 31.23 
1.47 242.8 -26.1 31.26 
1.47 242.9 -26.1 31.26 

1.46 243.0 -26.1 31.23 
1.46 243.0 -26.1 31.17 
1.46 243.1 -26.1 31.09 
1.46 243.2 -26.1 30.98 
1.46 243.2 -26.1 30.85 

1.46 243.3 -26.2 30.70 
1.46 243.4 -26.2 30.5* 
1.46 243.4 -26.2 30.38 
1.46 243.5 -26.2 30.20 
1.45 243.6 -26.2 30.03 

1.45 243.6 -26.2 29.87 
1.45 243.7 -26.2 29.7? 
1.45 243.7 -26 .2 29.58 
1.45 243.8 -26.3 29. *7 
1.45 243.9 -26.3 29.37 

1.45 243.9 -26. 3 29.31 
1.45 244.0 -26.3 29. ?7 
1.45 244.1 -26.3 29.26 
1.45 244.1 -?6.3 29.28 
1.44 ?44.2 -26.3 29.33 

1.44 244.3 -26.3 29.41 
1.44 244.3 -26.4 29.51 
1.44 244.4 -26.4 29.63 
1.44 244.5 -26.* 29.77 
1.44 244.5 -26.4 29.92 

1.44 244.6 -26.4 30.09 
1.44 244.6 -26.4 30.25 
1.44 244.7 -26.4 30.42 
1.43 244.8 -26.4 30.59 
1.43 244.8 -26.5 30.74 

1.43 244.9 -26.5 30.88 
1.43 245.0 -26.5 31.01 
1.43 245.0 -26.5 31.11 
1.43 245.1 -26.5 31.18 
1.43 245.2 -26.5 31.23 

1.43 245.2 -26.5 31.26 
1.43 245.3 -26.5 31.25 
1.43 245.4 -26.6 31.21 
1.42 245.4 -26.6 31.15 
1.42 ?45.5 -26.6 31.06 


PLUTO 

R LONS LAT RAS DECS 


30.52 191.4 16.99 167.6 0.0 
30.52 191.4 16.99 147.6 0.0 
30.51 191.5 17.00 147.7 0.0 
30.51 191.6 17.00 167.8 0.0 
30.51 191.6 17.00 147.8 0.0 

30.50 191.7 17.00 167.9 0.0 

30.40 191.8 17.01 168.0 0.0 
30.50 191.8 17.01 168.0 0.0 
30.69 191. 9 17. 01 168.1 0.0 
30.69 192.0 17.02 168.2 0.0 

30.68 192.0 17.02 168.2 0.0 
30.68 192.1 17.02 168.3 0.0 
30.48 192.2 17.02 168.3 0.0 
30 . 47 1 92.2 1 7.03 1 68.4 0.0 
30.47 192.3 17.03 148.5 0.0 

30.47 192.4 17.03 148.5 0.0 
30.46 192.4 17.03 168.6 0.0 
30.46 192.5 17.06 168.7 0.0 
30.66 192.6 17.06 168.7 0.0 
30.65 192.6 17.06 166.8 0.0 

30.65 192.7 17.04 148.9 0.0 
30.44 192.8 17.05 168.9 0.0 

30.66 192. 8 17.05 169.0 0.0 
30.46 192.9 17.05 169.1 0.0 
30.63 193.0 17.05 169.1 0.0 

30.43 193.0 17.05 149.2 0.0 
30.43 1 93.1 17. 06 1 49.2 0.0 
30.42 193.2 17.06 149.3 0.0 

30.42 193.2 1 7. 06 169.4 0.0 

30.42 193.3 17.06 149.4 0.0 

30.41 193.4 17.07 149.5 0.0 

30.41 193.4 17.07 149.6 0.0 

30. 40 1 93 . 5 1 7. 07 1 49. 6 0.0 

30.40 193. 6 17.07 169.7 0.0 
30.40 193.7 17.07 149.8 0.0 

30.39 193.7 17.08 149.8 0.0 
30.39 193.8 17.08 149.9 0.0 
30.39 193.9 17.08 150.0 0.0 
30.38 193.9 1 7. 08 150. 0 0.0 
30. 38 194.0 17.08 150.1 0.0 

30.38 194.1 17.09 150.2 0.0 
30.37 196.1 1 7.09 150.2 0.3 
30.37 196.2 17.09 150.3 0.0 
30.37 196.3 17.09 150.6 0.0 
30.36 196.3 17.09 150.6 0.0 

30.36 194.6 17. 10 150.5 0.0 
30.35 196.5 17.10 150.5 0.0 
30.35 194.5 17.10 150.6 0.0 
30.35 194.6 17.10 150.7 0.0 
30.34 194.7 17.10 150.7 0.0 

30.34 194.7 17.10 150.8 0.0 
30.34 196.8 17.11 150.9 0.0 
30.33 196.9 17.11 150.9 0.0 
30. 33 1 96.9 1 7.11 151.0 0.0 
30. 33 195.0 17.11 151.1 0.0 

30.32 195.1 17.11 151.1 0.0 
30. 32 195.1 17.11 151.2 1.0 

30.32 195.2 17.12 151.3 0.0 
30.31 195.3 17.12 151.3 0.0 
30.31 195.4 17.12 151.4 0.0 

30.31 195.4 17.12 151.5 0.0 
30.30 195.5 17.12 151.5 0.0 
30.30 195.6 17.12 151.6 0.0 
30.30 195.6 17.13 151.7 0.0 
30.29 195.7 17.13 151.7 0.0 

30.29 1 95 • 8 17.13 151.8 0.0 
30.29 195. R 17.13 151.9 0.3 
30.28 195.9 17.13 151.9 0.0 
30. 28 196.0 17.13 152.0 0.0 
30.28 196.0 17.13 152. 0 0.0 

30.27 196.1 17.13 152.1 0.0 
30.27 196.2 17.16 152.2 3.0 
30.27 196.2 17.14 152.2 0.0 
30.26 196.3 17.14 152.3 0.0 
30.26 196.4 17.14 152.4 0.0 

30.26 196.4 17.14 152.4 0.0 
30.25 196.5 17.16 152.5 0.3 
30.25 196.6 17.14 152.6 0.0 
30.25 196.7 17.14 152.6 0.0 
30.2* 196.7 17.15 152.7 0.0 

30.24 196.8 17.15 152.8 0.0 
30.24 196.9 1 7.15 152.8 0.0 
30.23 196.9 17.15 152.9 0.0 
30.23 197.0 17.15 153.0 0.0 
30.23 197.1 17.15 153.0 0.0 


CDIST 


31.48 

31.47 

31.44 
31.39 
31.30 

31.20 
31.07 

30.93 

30.77 

30.61 

30.44 

30.27 

30.11 
29.96 
29.82 

29.71 

29.61 

29.55 

29.51 
29.50 

29.52 

29.56 

29.64 

29.73 
29.85 

29.98 

30.12 

30.28 

30.43 

30.59 

30.74 

30.88 
31.01 

31.12 

31.21 

31.28 

31.32 
31.34 

31.33 
31.30 

31.23 

31.15 
31.04 
30.91 
30.76 

30.60 

30.64 
30.27 

30.10 

29.94 

29.79 

29.66 

29.55 

29.46 

29.40 

29.37 

29.37 

29.39 

29.45 
29.52 

29.63 

29.74 

29.88 
30.03 
30.18 

30.34 
30.49 

30.64 

30.78 
30.91 

31.01 

31. n 

31.16 
31.20 

31.22 

31.20 

31.16 

31.09 

31.00 

30.89 

30.75 
30.60 

30.44 
30.27 

30.11 


31 



PLANETARY EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 
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PLANETARY EPHEMERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


43900* 0 

DATE 

1979 

JAN 

26.5 

R 

18.67 

LONS 
22 7.5 

URANUS 
LAT RAS 

0.34 345.9 

DE CS 
60.3 

CDIST 

19.99 

R 

30 .27 

LONG 

258.1 

NEPTUNE 

LAT RAS DECS 

1.42 245.6 -26.6 

CDIST 

30.94 

R 

30.22 

LOWS 

197.1 

PLUTO 

LAT RAS OECS 

17.15 153.1 0.0 

CDIST 

29.94 

43910.0 

1979 

FEB 

5.5 

18.67 

227.6 

0.34 

345.9 

5 0.4 

18.72 

30.27 

258.1 

1.42 

245.6 -26.6 

30.81 

30.22 

197.2 

17.15 153.2 0.0 

29.78 

439 20.0 

1979 

FEB 

15.5 

18.67 

227.7 

0. 34 

345. 8 

6 0.5 

18.55 

30 .27 

258.2 

1.42 

245.7 -26.6 

30.66 

30.22 

197.3 

17.15 153.2 0.0 

29.64 

43930.0 

1979 

FEB 

25.5 

18.67 

227.9 

0.34 

345. 7 

50.7 

15.39 

30.27 

258.2 

1.42 

245.7 -26.6 

30.50 

30.21 

197.3 

17.15 153.3 0.0 

29.51 

43940.0 

1979 

MAR 

7.5 

18.67 

228.0 

0.34 

345.7 

50.8 

18.23 

30 .27 

258.3 

1.42 

245.8 -26.6 

30.33 

30.21 

197.4 

17.15 153.4 0.0 

29.41 

43950.0 

1979 

MAR 

17.5 

18.67 

228. 1 

0.34 

345.6 

60.9 

IB .08 

30 .27 

258.4 

1.42 

245.9 -26.6 

30.15 

30.21 

197.5 

17.16 153.4 0.0 

29.33 

43960.0 

1979 

MAR 

27.5 

18.67 

228.2 

0. 33 

345.5 

51 .3 

17.95 

30.27 

258 .4 

1.42 

245.9 -26.7 

29.98 

30.21 

197. 5 

17.1 6 153.5 0.0 

29.27 

43970.0 

1979 

APR 

6.5 

19.68 

228.4 

0.33 

*345.4 

61.1 

17.84 

30 .27 

258.5 

1.41 

246.0 -26.7 

29.82 

30.20 

197.6 

17.16 153.6 0.0 

29.25 

43980 .0 

1979 

APR 

16, 5 

18.68 

228.5 

0. 33 

345.4 

61.3 

17 .76 

33.27 

258.5 

1.41 

246.1 -26.7 

29.68 

30.20 

197.7 

17.16 153.6 0.0 

29.25 

43990.0 

1979 

APR 

26.5 

18.68 

228.6 

0.3 3 

345.3 

61.4 

17.70 

30 .27 

258.6 

1.41 

246.1 -26.7 

29.54 

3 0.20 

197.7 

17.16 153.7 0.0 

29.28 

44000.0 

1979 

MAY 

6.5 

18.68 

228. 7 

0.33 

345.2 

61.5 

17.67 

30.27 

258.7 

1.41 

246.2 -26.7 

29.43 

30. 19 

197. 8 

17.16 153.8 0.0 

29.34 

44010.0 

1979 

MAY 

16. 5 

18.68 

228.9 

0.33 

3 45. 2 

51.6 

17.69 

30 .27 

258.7 

1.41 

246.3 -26.7 

29.35 

30.19 

197.9 

17. 1 6 153. 8 0.0 

29.42 

440 20.0 

1979 

MAY 

26.5 

18.68 

22 9. 0 

0.32 

345. 1 

61.7 

17.71 

30 .27 

258.8 

1.41 

246.3 -26.7 

29.29 

30. 19 

198.0 

17.16 153.9 0.0 

29.53 

440 30 .0 

1979 

J UN 

5. 5 

1 8.69 

229.1 

0. 32 

345.0 

61.9 

17.77 

30.27 

258.8 

1.41 

246.4 -26.7 

29.26 

30. 18 

198.0 

17.16 153.9 0.0 

29.65 

44040.0 

1979 

JUN 

15.5 

18.69 

229.2 

0.32 

344.9 

62.0 

17.86 

30 .27 

258.9 

1.41 

246.5 -26.7 

29.26 

30.18 

198.1 

17.16 154.0 0.0 

29.79 

44050.0 

1979 

JUN 

25.5 

18.69 

229. 3 

0. 32 

344.8 

62.1 

17.97 

30.27 

258.9 

1.41 

246.5 -26.8 

29.28 

30.18 

198.2 

17.16 154.1 0.0 

29.94 

44060.0 

1979 

J UL 

5.5 

18.69 

229.5 

0. 32 

344. 8 

52.2 

18.10 

30 .27 

259.0 

1.40 

246.6 -26.8 

29.34 

30.17 

198.2 

17.16 154.1 0.0 

30. 10 

44070.0 

1979 

JUL 

15.5 

18.69 

229. 6 

0. 32 

344. 7 

62.3 

18.25 

30.27 

259.1 

1.40 

246.7 -26.8 

29.42 

30.17 

198.3 

17.16 154.2 0.0 

30.25 

44080.0 

1979 

JUL 

25. 5 

18.69 

229.7 

0.32 

344.6 

62.4 

18.40 

30 .27 

259.1 

1.40 

246.7 -26.8 

29.53 

3 0.17 

198.4 

17.16 154.3 0.0 

30.41 

44090.0 

1979 

AUG 

4.5 

18.70 

229.0 

0. 31 

344. 5 

52.6 

18.57 

30.27 

259.2 

1.40 

246.8 -26.8 

29.66 

30. 16 

198.4 

17.16 154.3 0.0 

30.56 

44100.0 

1979 

AUG 

14.5 

18.70 

230.0 

0. 31 

344.5 

62.7 

18 .74 

30.27 

259.2 

1.40 

246.8 -26.8 

29.80 

30. 16 

198.5 

17.17 154.4 0.0 

30.69 

44110. 0 

1979 

AUG 

24.5 

18.70 

230.1 

0. 31 

344.4 

62.3 

19.91 

30.27 

259.3 

1.40 

246.9 -26.8 

29.96 

30.16 

198.6 

17.17 154.5 0.0 

30.81 

44120.0 

1979 

SEP 

3.5 

18.70 

230. 2 

0. 31 

344.3 

52.9 

19.07 

30 .27 

259.4 

1.40 

247.0 -26.8 

30.12 

30. 16 

198.6 

17.1 7 154.5 0.0 

30.92 

44130.0 

1979 

SEP 

13.5 

18.70 

230.3 

0.31 

344.2 

53.0 

19.22 

30.27 

259.4 

1.40 

247.0 -26.8 

30.29 

30. 15 

198.7 

17. 1 7 154.6 0.0 

31.00 

44140.0 

1979 

SEP 

23.5 

18.70 

23 0.5 

0.31 

344.1 

53.1 

19.35 

30 .27 

259.5 

1.40 

247.1 -26.9 

30.46 

30.15 

198.8 

17.17 154.7 0.0 

31,06 

44150.0 

1979 

OCT 

3.5 

18.71 

230.6 

0. 30 

344. 0 

63.3 

19 .47 

30.27 

259.5 

1.39 

247.2 -26.9 

30.62 

30.15 

198.9 

17.17 154.7 0.0 

31.09 

44160.0 

1979 

DC T 

13. 5 

18.71 

230.7 

0.30 

344. 0 

6 3.4 

19.57 

30 .27 

259.6 

1.39 

247.2 -26.9 

30.77 

30.14 

198.9 

17.17 154.8 0.0 

31.10 

44170 .0 

1979 

OCT 

23.5 

18.71 

230. 8 

0. 30 

343. 9 

63.5 

19.64 

30 .27 

259.7 

1.39 

247.3 -26.9 

30.91 

30. 14 

199.0 

17. 1 7 154. 9 0.0 

31.08 

44180 .0 

19 79 

N3V 

2. 5 

18.71 

231.0 

0.30 

343. 8 

63.6 

19.68 

30 .27 

259.7 

1.39 

247.4 -26.9 

31.03 

30.14 

199.1 

17.17 154.9 0.0 

31.03 

44190.0 

1979 

N3 V 

12.5 

18. 71 

231.1 

0. 30 

343. 7 

53.7 

19.70 

30 .27 

259.8 

1.39 

247.4 -26.9 

31.12 

30. 13 

199.1 

17.17 155.0 0.0 

30.96 

44200. 0 

1979 

N3 V 

22. 5 

18.71 

231.2 

0. 30 

343. 6 

63.8 

19.69 

30 .27 

259.8 

1.39 

247.5 -26.9 

31.19 

30.13 

199.2 

17.17 155.1 0.0 

30.86 

44210. 0 

1979 

DEC 

2.5 

18.71 

231.3 

0. 30 

343. 5 

54.0 

19.65 

30 .27 

2*59.9 

1.39 

247.6 -26.9 

31.24 

30. 13 

199.3 

1 7. 1 7 L 5 5. 1 0.0 

30.74 

30.60 

44220.0 

1979 

DEC 

12.5 

18.72 

231.4 

0.29 

343.4 

54.1 

19.59 

30 .27 

260.0 

1.39 

247.6 -26.9 

31.25 

30. 13 

199.3 

17.17 155.2 0.0 

44230.0 

1979 

DEC 

22.5 

18.72 

231.6 

0. 29 

343.4 

54.2 

19.50 

30.27 

260.0 

1.39 

247.7 -27.0 

31.24 

30. 12 

199.4 

17.17 155.3 0.0 

30.45 

44240.0 

1980 

JAN 

1.5 

18.72 

23 1. 7 

0.29 

343.3 

64.3 

19.39 

30.27 

260.1 

1.38 

247.8 -27.0 

31.19 

30.12 

l 99.5 

17.17 155.3 0.0 

30.29 

44250.0 

1980 

JAN 

11.5 

18.72 

231. 8 

0.29 

3 43.2 

64.4 

19.26 

30.27 

260.1 

1.38 

247.8 -27.0 

31.12 

30. 12 

199.5 

17.17 155.4 0.0 

30.1? 

44260.0 

1980 

JAN 

21.5 

18.72 

23 1.9 

0. 29 

343. 1 

54.6 

19.11 

30 .27 

260.2 

1.38 

247.9 -27.0 

31.02 

30.11 

199.6 

17.17 155.5 0.0 

29.95 

44270.0 

1980 

FEB 

0.5 

18.72 

232. 1 

0. 29 

343. 0 

64.7 

18.95 

30.27 

260.2 

1.38 

248.0 -27.0 

30.90 

30.11 

199.7 

17. 1 7 155.5 0.0 

29.79 

44 2 80.0 

1980 

FEB 

10.5 

18.73 

232.2 

0.28 

3 42.9 

64.8 

18.78 

30.27 

260.3 

1.38 

248.0 -27.0 

30.77 

30. 11 

199.8 

17.17 155.6 0.0 

29.64 

44290.0 

1980 

FEB 

20.5 

18.73 

232.3 

0. 2 8 

342. 8 

54.9 

18.61 

30.27 

260.4 

1.38 

248.1 -27.0 

30.61 

30. 11 

1 99. 8 

17.17 155.7 0.0 

29.50 

44300.0 

19 80 

MAR 

1.5 

18.73 

232.4 

0.2 8 

342. 7 

65.0 

18.44 

30.27 

260.4 

1.38 

248.1 -27.0 

30.45 

30.10 

199.9 

17.17 155.7 0.0 

29.37 

44310.0 

1980 

MAR 

11.5 

18.73 

232. 6 

0. ?8 

342. 6 

55.1 

18.29 

30.26 

260.5 

1.38 

248.2 -27.0 

30.28 

30.10 

200.0 

17.17 155.9 0.0 

29.28 

44320.0 

1980 

MAR 

21.5 

18.73 

232. 7 

0.2 8 

342. 5 

65 .2 

18.14 

30.26 

260.5 

1.37 

248.3 -27.1 

30.10 

30.10 

200.0 

17. 1 7 155.9 0.0 

29.20 

44330.0 

1980 

APR 

o.*; 

18.73 

232.9 

0. 28 

342.4 

65. A 

18. 01 

30 .26 

260.6 

1.37 

248.3 -27.1 

29.94 

30.09 

200.1 

17.17 155.9 0.0 

29. 1 8 

44340.0 

1980 

A»R 

10.5 

1R.74 

232.9 

0.2 8 

342. 3 

63.5 

17.90 

30 .26 

260.7 

1.37 

248.4 -27. 1 

29.78 

30.09 

200.2 

17.17 156. 0 0.0 

29.13 

44350.0 

19 80 

APR 

20. 5 

18.74 

233.0 

0.27 

342.2 

65.5 

17.82 

30 .26 

260.7 

1.37 

248.5 -27.1 

29.63 

30.09 

200.2 

17.17 156.1 0.0 
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PLANETARY EPHEMERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


44750.0 

1981 

HAY 

25.5 

44760.0 

1981 

JIN 

4.5 

44770.0 

1981 

JIN 

14.5 

44780.0 

1981 

JUN 

24.5 

44790.0 

1981 

JUL 

4.5 

44800.0 

1981 

JUL 

14.5 

448 10. 0 

1981 

JUL 

24.5 

44820.0 

1981 

AUG 

3.5 

44830.0 

1981 

AUG 

13.5 

44840.0 

1981 

AUG 

23.5 

44850.0 

1981 

SEP 

2.5 

44B60.0 

1981 

SEP 

12.5 

44870.0 

1981 

SEP 

22.5 

448 80.0 

1981 

3CT 

2.5 

44890.0 

1981 

3CT 

12.5 

44900.0 

1981 

OCT 

22.5 

449 10.0 

1981 

NOV 

1.5 

44920.0 

1981 

NOV 

11.5 

44930.0 

1981 

NOV 

21.5 

44940.0 

1981 

DEC 

1.5 

44950.0 

1981 

OEC 

11.5 

44960.0 

1981 

DEC 

21.5 

44970.0 

1982 

JAN 

0.5 

44980.0 

1982 

JAN 

10.5 

44990.0 

198 2 

JAN 

20.5 

45000.0 

1982 

JAN 

30.5 

45010.0 

1982 

FEB 

9.5 

45020.0 

1982 

FEB 

19.5 

45030.0 

1982 

MAR 

i.5 

45040.0 

1982 

MAR 

11.5 

45050.0 

1982 

MAR 

21.5 

45060.0 

1982 

APR 

0.5 

45070.0 

1982 

APR 

10. 5 

45080.0 

1982 

APR 

20.5 

45090.0 

1982 

MAY 

0.5 

45100.0 

1982 

MAY 

10.5 

45110.0 

1982 

MAY 

20.5 

45120.0 

1982 

MAY 

30.5 

45130.0 

1982 

JUN 

9.5 

45140.0 

1982 

JUN 

19.5 

45150.0 

1982 

J IN 

29.5 

45160.0 

1982 

JUL 

9.5 

45170.0 

1982 

JUL 

19.5 

45180.0 

1982 

JUL 

29.5 

45190.0 

1982 

AUG 

8. * 

45200.0 

1982 

AUG 

18.5 

45210.0 

1982 

AUG 

28.5 

45220.0 

198? 

SEP 

7.5 

45230.0 

1982 

SEP 

17.5 

45240.0 

1982 

SEP 

27.5 

45250.0 

1982 

OCT 

7.5 

45260.0 

1982 

OCT 

17.5 

45270.0 

1982 

OCT 

27.5 

45280.0 

1982 

NOV 

6.5 

45290.0 

1982 

NOV 

16. 5 

45300.0 

1982 

NOV 

26.5 

45310.0 

19R2 

DEC 

6.5 

45320.0 

1982 

OEC 

16.5 

45330.0 

1982 

OEC 

26.5 

45340.0 

1983 

JAN 

5.5 

45350.0 

1983 

JAN 

15.5 

45360.0 

1983 

JAN 

25.5 

45370.0 

1983 

FEB 

4.5 

45380.0 

1983 

FEB 

14.5 

45390.0 

1983 

FEB 

24.5 

45400.0 

1983 

MAR 

6.5 

45410.0 

1983 

MAR 

16.5 

45420.0 

1983 

MAR 

26.5 

45430.0 

1983 

APR 

5.5 

4 5440. 0 

1983 

A 3 R 

15.5 

45450.0 

1983 

APR 

25.5 

45460.0 

1983 

MAY 

5.5 

45470.0 

1983 

MAY 

15.5 

45480.0 

1983 

MAY 

25.5 

45490.0 

1983 

JUN 

4. 5 

45500.0 

1983 

JUN 

14.5 

45510.0 

1983 

JUN 

24.5 

45520.0 

1983 

JUL 

4.5 

45530.0 

1983 

JUL 

14.5 

45540.0 

1983 

JUL 

24.5 

45550.0 

1983 

AUG 

3. * 

45560.0 

1983 

AUG 

13.5 

45570.0 

1983 

AUG 

23.5 

45580.0 

1983 

SEP 

2.5 

45590.0 

1983 

SFP 

12.5 


URANUS 


R 

LONS 

LAT 

RAS 

18.81 

237.9 

0.21 

337.4 

18.81 

230.1 

0.21 

33 7.3 

18.81 

238.2 

0.21 

337.2 

18.81 

238.3 

0.21 

337.0 

18.81 

238.4 

0. 20 

336.9 

18.81 

238.5 

0.2 0 

336.7 

18.82 

238.7 

0-20 

336.5 

18.82 

238.8 

0.20 

336.4 

10.82 

238.9 

0.20 

336.2 

18. 82 

239.0 

0.20 

336. 1 

18.82 

239.2 

0.20 

33 5.9 

18.82 

239.3 

0. 19 

335.8 

18.83 

239.4 

0.19 

335. 6 

18.83 

239.5 

0. 19 

335.4 

18.83 

23 9.6 

0. 19 

335.3 

18.83 

239.0 

0.19 

33 5.1 

18.83 

239.9 

0.19 

334.9 

18.83 

240.0 

0.18 

334. 7 

18.84 

240.1 

0.18 

334.6 

18.84 

240.2 

0. 18 

334.4 

18. 84 

240.4 

0. 18 

334.2 

18.84 

240.5 

0. 18 

334. 0 

18.84 

240.6 

0. 18 

333. 8 

18.85 

240.7 

0.17 

333.6 

18.85 

24 0.9 

0.17 

333.5 

18.8 5 

241.0 

a 17 

333.3 

18.85 

241.1 

0.17 

333.1 

18.85 

241.2 

0. 17 

332.9 

18.85 

241.3 

0.17 

332. 7 

18. 86 

241.5 

0.17 

332.5 

18.86 

241.6 

a 16 

332.3 

18.86 

241.7 

0.16 

332.1 

18.86 

241.8 

0. 16 

331. 9 

18.86 

241.9 

0.16 

331.7 

18.86 

242.1 

0. 16 

331.4 

18.87 

242.2 

0.16 

331.2 

18.87 

242.3 

0. 15 

331.0 

18.87 

242.4 

0. 15 

33 0. 8 

18.87 

242.6 

0.1 5 

33 0.6 

18. 87 

242.7 

0.15 

330.3 

18. 88 

242.8 

0. 15 

330.1 

18.88 

242.9 

0. 15 

32 9. 9 

18. 88 

243.0 

0. 14 

32 9. 6 

18.88 

243.2 

0. 14 

329.4 

18.88 

243.3 

0. 14 

32 9. 1 

18.88 

243.4 

0. 14 

32 8.9 

18.89 

243.5 

0.14 

32 8. 7 

18.89 

243.6 

0. 14 

328. 4 

18. 89 

243.8 

0. 13 

32 8.1 

18. 89 

243.9 

0. 13 

327.9 

18.89 

244.0 

0. 13 

327.6 

1R.89 

244. 1 

0. 13 

327. 4 

18.90 

244.2 

0. 13 

32 7.1 

1 8.90 

244.4 

0. 13 

32 6. 8 

18.90 

244.5 

0.13 

32 6. 5 

18.90 

244.6 

0. 12 

32 6.3 

18.90 

24 4.7 

0. 12 

326. 0 

18.91 

244.9 

0. 12 

32 5.7 

18.91 

245.0 

0. 12 

32 5.4 

18.91 

245.1 

0.12 

32 5.1 

18.91 

245.2 

0. 12 

324.8 

18.91 

245.3 

0. 11 

324.5 

18.91 

245.5 

0. 11 

324.2 

18.92 

245.6 

0. 11 

323.9 

18.92 

245.7 

0.11 

323.5 

18.92 

245.8 

O.li 

323.2 

18.9? 

245.9 

0.11 

322. 9 

18.92 

246. 1 

0. 10 

322. 6 

18.93 

246.2 

0. to 

322.2 

18. 93 

246.3 

0. 10 

321.9 

18.93 

246.4 

0. 10 

321.5 

18.93 

246.5 

0. 10 

321.2 

18.93 

246. 7 

0. 10 

320.8 

18.93 

246.8 

0.09 

320. 5 

18.94 

246.9 

0. 09 

32 0.1 

18.94 

24 7.0 

0. 09 

31 9. 7 

18.94 

2 47.1 

0. 09 

319.3 

18.94 

247.3 

0. 09 

319.0 

18.94 

247.4 

0. 09 

318.6 

18.95 

247.5 

0. 08 

31 8.2 

18.95 

247. 6 

0. 08 

31 7. 8 

18.95 

247. 7 

0. 08 

31 7.4 

18.95 

247.9 

0. 08 

316.9 

18.95 

248.0 

0.08 

316. 5 

18.95 

24 B. 1 

0. 08 

316.1 


DECS 

CDIST 

R 

LONG 

70.2 

17.80 

30.26 

263.1 

70.3 

17.83 

33 .26 

263.1 

70.4 

17.89 

33 .26 

263.2 

70.5 

17.98 

30.26 

263.3 

70.6 

18.09 

33.26 

263.3 

70.7 

18.22 

33.26 

263.4 

70.8 

19.37 

33.26 

263.4 

70.9 

13.53 

30.26 

263.5 

71.0 

18.70 

33.26 

263.5 

71.1 

18.86 

33.26 

263.6 

71.3 

19.03 

33 .26 

263.7 

71.4 

19.19 

33 .26 

25 3.7 

71.5 

19.34 

30.26 

263.8 

71 .6 

19. 4R 

30 .26 

263.8 

71.7 

19.60 

30.26 

263.9 

71.8 

19.69 

33 .26 

264.0 

71 .9 

19.76 

33.25 

264.0 

72.0 

19.81 

33 .25 

264.1 

72.1 

19.82 

33.2 5 

264.1 

72.2 

19.81 

33 .2 5 

264.2 

72.4 

19.73 

33 .25 

264.3 

72 .5 

19.71 

33.25 

264.3 

72.6 

19.62 

33.25 

264.4 

72.7 

19.51 

33 .25 

264.4 

72.8 

19.37 

33 .25 

264.5 

72.9 

19.22 

33.25 

264.6 

73.0 

19.06 

33.25 

264.6 

73.1 

18.90 

33 .25 

264.7 

73.2 

18.73 

30.2* 

264.7 

73.3 

18.56 

33 .25 

264.8 

73.4 

19.40 

33 .25 

264.8 

73.5 

13.26 

33 .25 

264.9 

73.6 

18.13 

30 .25 

265.0 

73.7 

IB. 02 

30.2* 

265.0 

73.8 

17.94 

30.25 

265.1 

74.3 

17.89 

30 .25 

265.1 

74.1 

17.06 

33 .25 

265.2 

74.2 

17.86 

33.25 

265.3 

74.3 

17.90 

30.25 

265.3 

74.4 

17.96 

33 .25 

26 5.4 

74.5 

18.04 

33 .25 

265.4 

74.6 

13.16 

33 .25 

265.5 

74.7 

18.29 

33.25 

26 5.6 

74.8 

18.44 

30 .25 

265.6 

74.9 

18.59 

33 .25 

265.7 

75.0 

18.76 

30.25 

265.7 

75.1 

13.93 

33 .25 

265.8 

75.2 

19.10 

33 .25 

265.9 

75.3 

19.26 

33 .25 

265.9 

75.4 

19.41 

30.25 

26 6.0 

75 .5 

19.55 

30.2 5 

266.0 

75.6 

19.66 

33.25 

266.1 

75.7 

19.76 

33 .25 

266.1 

75. B 

19.83 

33.25 

266.2 

75.9 

19.87 

33 .25 

266.3 

76.0 

19 .89 

30.2 5 

266.3 

76.1 

19.99 

33 .25 

266.4 

76.2 

19.84 

33.25 

266.4 

76.3 

19.77 

33 .2* 

266.5 

76.4 

19.68 

30.2 5 

266.6 

76.5 

19.57 

30.25 

266.6 

76.6 

19.43 

33 .25 

266.7 

76.7 

19.28 

33 .2* 

266.7 

75.3 

19.12 

30.25 

266.8 

76.9 

18.96 

33.2* 

26 6.9 

77.0 

18.79 

33.25 

266.9 

77.1 

13.62 

33.25 

257.0 

77.2 

19.46 

33 .25 

267.0 

77.3 

18.32 

30.25 

267.1 

77.4 

18.19 

33 .25 

267.2 

77.5 

18.08 

30.25 

267.2 

77.5 

13.33 

33 .25 

267.3 

77.6 

17.95 

30.25 

267.3 

77.7 

17.92 

30.24 

267.4 

77.8 

17.93 

30.24 

26 7.4 

77.9 

17.96 

33 .24 

267.5 

73.3 

13.32 

33.24 

267.6 

78.1 

18.11 

30.24 

267.6 

78.2 

18.22 

30 .24 

267,7 

78.3 

18.36 

33.24 

267.7 

78.4 

18.50 

33.24 

26 7.8 

73.4 

18.66 

33 .24 

267.9 

78.5 

18 .33 

30.24 

267.9 

78.6 

19.00 

33.24 

268.0 

78.7 

19.17 

33 .24 

268.0 


NEPTUNE 

LAT RAS DECS CO 1ST 


1*32 251.1 -27.5 29.30 
1.32 251.2 -27.5 29.26 
1.32 251.2 -27.5 29.24 
1.32 251.3 -27.5 29.25 
1.32 251.4 -27.5 29.30 

1.32 251.4 -27.5 29.37 
1.32 251.5 -27.5 29.46 
1.32 251.6 -27.5 29.58 
1.31 251.6 -27.6 29.71 
1.31 251.7 -27.6 29.87 

1.31 251.7 -27.6 30.03 
1.31 251.8 -27.6 30.20 
1.31 251.9 -27.6 30.36 
1.31 251.9 -27.6 30.53 
1.31 252.0 -27.6 30.69 

1.31 252.1 -27.6 30.83 
1.30 252.1 -27.6 30.96 
1.30 252.2 -27.6 31.07 
1.30 252.3 -27.6 3t.l5 
1.30 252.3 -27.6 31.21 

1.30 252.4 -27.7 31.23 
1.30 252.5 -27.7 31.23 
1.30 252.5 -27.7 31.20 
1.30 252.6 -27.7 31.15 
1.29 252.7 -27.7 31.06 

1.29 252.7 -27.7 30.95 
1.29 252.8 -27.7 30.82 
1.29 252.9 -27.7 30.68 
1.29 252.9 -27.7 30.52 
1.29 253.0 -27.7 30.35 

1.29 253.1 -27.7 30.18 
1.29 253.1 -27.7 30.01 
1.28 253.2 -27.8 29.84 
1.28 253.3 -27.8 29.69 
1.28 253.3 -27.8 29.56 

1.28 253.4 -27.8 29.44 
1.28 253.5 -27.8 29.35 
1.28 253.5 -27.8 29.28 
1.28 253.6 -27.8 29.24 
1.28 253.7 -27.8 29.24 

1.27 253.7 -27.8 29.26 
1.27 253.8 -27.8 29.30 
1.27 253.9 -27.8 29.38 
1.27 253.9 -27.8 29.48 
1.27 254.0 -27.9 29.60 

1.27 254.1 -27.9 29.74 
1.27 254.1 -27.9 29.90 
1.27 254.2 -27.9 30.06 
1.26 254.3 -27.9 30.23 
1.26 254.3 -27.9 30.40 

1.26 254.6 -27.9 30.57 
1.26 254.5 -27.9 30.7? 
1.26 256.5 -27.9 30.86 
1.26 256.6 -27.9 30.98 
1.26 256.7 -27.9 31.08 

1.25 256.7 -27.9 31.16 
1.25 256.8 -27.9 31.21 
1.25 256.9 -28.0 31.23 
1.25 256.9 -28.0 31.22 
1.25 255.0 -28.0 31.19 

1.25 255.1 -28.0 31.12 

1.25 255.1 -28.0 31.03 

1.26 255.2 -28.0 30.91 
1.24 255.3 -28.0 30.78 
1.24 255.3 -28.0 30.63 

1.24 255.4 -28.0 30.47 
1.24 255.5 -28.0 30.30 
1.24 255.5 -28.0 30.12 
1.24 255.6 -28.0 29.96 
1.24 255.7 -28.0 29.80 

1.24 255.7 -28.0 29.65 
1.23 255.8 -28.1 29.52 
1.23 255.8 -28.1 29.61 
1.23 255.9 -28.1 29.32 
1.23 256.0 -28.1 29.26 

1.23 256.0 -28.1 29.23 
1.23 256.1 -28.1 29.23 
1.23 256.2 -28.1 29.26 
1.22 256.2 -28.1 29.31 
1.22 256.3 -28.1 29.60 

1.22 256.6 -28.1 29.50 
1.22 256.6 -28.1 29.63 
1.2? 256.5 -28.1 29.77 
1.22 256.6 -28.1 29.93 
1.22 256.6 -28.1 30.10 


PLUTO 

R LONS LAT RAS DECS CDIST 


29.98 203.0 17.15 
29.98 203.1 17.16 
29.97 203.2 17.16 
29.97 203.2 17.16 
29.97 203.3 17.16 

29.97 203.4 17.14 
29.96 203.4 17.14 
29.96 203.5 17.14 
29. 96 2 03.6 1 7.14 
29.96 203.6 17.14 

29.95 203.7 17.13 
29.95 203.8 17.13 
29.95 203.9 17.13 
29.95 203.9 17.13 
29.94 2 04.0 17.13 

29.94 204.1 17.13 
29.94 204.1 17.13 
29.94 204.2 17.12 
29.93 204.3 17.12 
29 . 93 2 04.3 1 7.12 

29.93 204.4 17.12 
29.93 204.5 17.12 
29.92 204.6 17.12 
29.92 204.6 17.11 
29. 92 2 04.7 17.11 

29.92 204. 8 17.11 
29.91 204.8 17.11 
29.91 204.9 17.11 
29.91 205.0 17.11 
29.91 205.0 17.10 

29. 91 2 05.1 17.10 
29.90 205.2 17.10 
29.90 205.3 17.10 
29.90 205.3 17.10 
29.90 205.4 17.10 

29.89 205. 5 1 7. 09 
29.89 205.5 17.09 
29.89 205.6 17.09 
29.89 205.7 17. 09 
29.88 205.7 17.09 

29.88 20*. 8 17.08 
29.88 205.9 17.08 
29.88 206.0 17.08 
29.88 206.0 17.08 
2 9.87 2 06.1 17.07 

29.87 206.2 17.07 
29.87 206.2 17.07 
29.87 206.3 17.07 
29.86 206.4 17.07 
29.86 206.4 17.06 

29.86 206. 5 1 7. 06 
29.86 206.6 17. 06 
29.86 206.7 17. 06 
29.85 206.7 17.05 
29.8* 206.8 17.05 

29.85 206.9 17.05 
2 9.86 206.9 17.05 
29.84 207.0 17.05 
29. 84 207.1 17.04 
29.84 207.2 17.04 

29.84 207.2 17.04 
29.84 207.3 17.03 
29.83 207.4 17.03 
29.83 207.4 17.03 
29.83 2 07.5 17.03 

29.83 207.6 17.02 
29.83 207.6 17.02 
29.82 207.7 17.02 
29.82 207.8 17.02 
29. 82 207.9 17.01 

29.82 207.9 17.01 
29.82 208.0 17.01 
29.81 208.1 1 7. 01 
29.81 208.1 17.00 
29.81 208.2 17.00 

29.81 208.3 17.00 
29.81 208.3 16.99 
29.80 208.4 16.99 
29.80 208.5 16.99 
29.80 208.6 16.98 

29.80 208.6 16.98 
29.80 208.7 16.98 
29.79 208.8 16.98 
29.79 208.8 16.97 
29.79 208.9 16.97 


158.7 0.0 29.26 

158.0 0.0 29.37 
158.9 0.0 29.50 
158.9 0.0 29.64 

159.0 0.0 29.80 

159.1 0.0 29.95 

159.1 0.0 30.11 

159.2 0.0 30.26 

159.3 0.0 30.41 

159.3 0.0 30.54 

159.4 0.0 30.65 

159.5 0.0 30.75 

159.5 0.0 30.82 

159.6 0.0 30.87 

159.7 0.0 30.89 

159.7 0.0 30.89 

159.8 0.0 30.86 

159.9 0.0 30.80 
159.9 0.0 30.72 

160.0 0.0 30.61 

160.1 0.0 30.48 

160.1 0.0 30.34 

160.2 0.0 30.18 

160.3 0.0 30.02 

160.3 0.0 29.85 

160.4 0.0 29.69 

160.5 0.0 29.53 

160.5 0.0 29.38 

160.6 0.0 29.25 

160.7 0.0 29.13 

160.7 0.0 29.05 

160.8 0.0 28.98 

160.9 0.0 28.95 
160.9 0.0 28.94 

161.0 0.0 28.96 

161.1 0.0 29.01 

161.1 0.0 29.09 

161.2 0.0 29.19 

161.3 0.0 29.31 

161.3 0.0 29.44 

161.4 0.0 29.59 

161.5 0.0 29.74 

161.5 0.0 29.90 

161.6 0.0 30.06 

161.7 0.0 30.21 

161.7 0.0 30.35 

161.8 0.0 30.48 

161.9 0.0 30.59 
161.9 0.0 30.68 

162.0 0.0 30.75 

162.1 0.3 30.79 
162.1 0.0 30.81 

162.2 0.0 30.80 

162.3 0.0 30.76 

162.3 0.0 30.70 

162.4 0.0 30.61 

162.5 0.0 30.50 

162.5 0.0 30.37 

162.6 0.0 30.22 

162.7 0.0 30.07 

162.7 0.0 29.90 

162.8 0.0 29.73 

162.9 0.0 29.57 

162.9 0.0 29.41 

163.0 0.0 29.27 

163.1 0.0 29.14 

163.1 0.0 29.03 

163.2 0.0 28.95 

163.3 0.0 28.89 

163.3 0.0 28.86 

163.4 0.0 28.86 

163.5 0.0 28.89 

163.5 0.0 28.95 

163.6 0.0 29.03 

163.7 0.0 29.13 

163.7 0.0 29.25 
153.3 0.0 29.39 

163.9 0.0 29.54 
164.0 0.0 29.70 

164.0 0.0 29.85 

164.1 0.0 30.01 

164.2 0.0 30.16 

164.2 0.0 30.30 

164.3 0.0 30.43 

164.4 0.0 30.53 
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PLANETARY EPHEMER1S 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


URANUS NEPTUNE PLUTO 

R LONS LAT RAS OECS COIST R LONG L AT RAS DECS CDIST R LONS LAT RAS DECS CDIST 


45600.0 

1983 

SEP 

22.5 

45610.0 

1983 

OCT 

2.5 

45620.0 

1983 

OCT 

12.5 

45630.0 

1983 

OCT 

22. 5 

45640.0 

1983 

NOV 

1.5 

45650.0 

1983 

NOV 

11.5 

45660.0 

1983 

NOV 

21. 5 

45670.0 

1983 

DEC 

1.5 

45680.0 

1983 

DEC 

11.5 

45690.0 

1983 

DEC 

21.5 

45700.0 

1984 

JAN 

0.5 

45710.0 

1984 

JAN 

10. 5 

45720.0 

1984 

JAN 

20.5 

45730.0 

1984 

JAN 

30.5 

45740.0 

1984 

FEB 

9.5 

45750.0 

1984 

FEB 

19.5 

45760.0 

1984 

MAR 

0.5 

45770.0 

1984 

MAR 

10. 5 

45780.0 

1984 

MAR 

20.5 

45790.0 

1984 

MAR 

30.5 

45800.0 

1984 

APR 

9.5 

45810.0 

1984 

A»R 

19.5 

45820.0 

1984 

APR 

29. 5 

45830.0 

1984 

MAY 

9.5 

45840.0 

19 84 

MAY 

19.5 

45850.0 

1984 

MAY 

29.5 

45860.0 

1984 

JUN 

8.5 

45870.0 

1984 

JUN 

18.5 

45880.0 

1984 

JUN 

28.5 

45890.0 

19 84 

JUL 

8.5 

45900.0 

1984 

JUl 

18.5 

45910.0 

19 84 

JUL 

28.5 

45920.0 

1984 

AUG 

7.5 

45930.0 

1984 

AUG 

17.5 

45940.0 

1984 

AUG 

27.5 

45950.0 

1904 

SEP 

6.5 

45960.0 

1984 

SEP 

16.5 

45970.0 

1904 

SEP 

26.5 

45980.0 

1984 

OCT 

6.5 

45990.0 

1984 

OCT 

16.* 

46000.0 

1984 

OCT 

26.5 

46010.0 

1984 

NOV 

5.6 

46020.0 

1984 

NOV 

15.5 

46030.0 

1904 

NOV 

25.5 

46040.0 

1984 

DEC 


46050.0 

1984 

DEC 

15 .5 

46060.0 

1984 

DEC 

25.5 

46070.0 

1985 

JAIN 

4.5 

46080.0 

1985 

JAN 

14.5 

46090.0 

1985 

JAN 

24. 5 

46100.0 

1985 

FEB 

3.5 

46110.0 

1985 

FFB 

13.5 

46120.0 

1985 

FEB 

23.5 

46130.0 

1985 

MAR 

5.5 

46140.0 

1985 

MAR 

15.5 

46150.0 

1985 

MAR 

25.5 

46 160.0 

1985 

A»R 

4.5 

46170.0 

1985 

APR 

14.5 

46180.0 

1985 

A°? 

24.5 

46190.0 

1985 

MAY 

•4.* 

46200.0 

1985 

MAY 

14.5 

46210.0 

1985 

MAY 

24.5 

46220.0 

1985 

JUN 

3.5 

46230.0 

19B5 

JUN 

13. 5 

46240.0 

1985 

JUN 

23.5 

46250.0 

1985 

JUL 

3 . c 

46260.0 

1985 

JUL 

13.5 

46270.0 

1985 

JUL 

23.5 

46230.0 

1985 

AUG 

2.5 

44290.0 

1985 

AUG 

12.5 

46300.0 

1985 

AUG 

22.5 

46310.0 

1985 

SEP 

1.5 

46320.0 

1985 

SEP 

11.5 

46330.0 

1985 

SEP 

21.5 

4634Q.0 

1985 

OCT 

1.5 

46350.0 

1985 

OCT 

11.5 

46360.0 

1985 

OCT 

21.5 

46370.0 

1985 

NOV 

0.5 

46380.0 

1985 

NOV 

10.5 

46390.0 

1985 

NOV 

20.5 

46400.0 

1985 

DEC 

0.5 

46410.0 

1985 

DEC 

10.5 

46420.0 

1985 

DEC 

20.5 

46430.0 

1985 

DFC 

30.5 

46440.0 

1986 

JAN 

9.5 


18.96 248.2 0. 08 315.7 

18.96 248.3 0.07 315.2 

18. 96 24 8.5 0. 07 314.8 

18.96 248.6 0.07 314.3 

18.96 248.7 0.07 313.9 

18.97 248.8 0.07 313.4 

18.97 248.9 0.07 312. 9 

18. 97 249. 1 0. 06 312. 5 

18.97 249.2 0.06 312.0 

18.97 249.3 0. 06 311.5 

18.97 249.4 0. 06 311.0 

18.98 249.5 0.06 310.5 

18.98 249. 7 0. 06 310.0 

18.98 249.8 0.05 309.4 

1 8.98 249.9 0. 05 308. 9 

18.98 250.0 0. 05 308.4 

18.99 250.1 0. 05 307. 8 

18.99 250.3 0. 05 307.3 

18.99 250.4 0.05 306.7 

18.99 250.5 0.04 3 06.1 

18.99 250.6 0. 04 305.5 

18.99 250. 7 0. 04 3 05. 0 

19.00 250.9 0. 04 304. 4 

19.00 251.0 0. 04 303.8 

19.00 251.1 0. 04 303.2 

19.00 25 1. 2 0. 03 302. 5 

19.00 251.3 0. 03 301.9 

19.01 251.4 0. 03 301.3 

19.01 251.6 0. 03 300. 6 

19. 0 1 251. 7 0. 03 3 0 0. 0 

19.01 251. 8 0.03 299.3 

19.01 251. 9 0. 03 2 90.6 

19.01 252. 0 0.02 298.0 

19.02 252.2 0. 02 297.3 

19.02 252.3 0. 02 296. 6 

19.02 252.4 0.02 295.9 

19.02 252.5 0. 02 295.2 

19.02 252.6 0.02 294.4 

19.03 252.8 0.01 293. 7 

19.03 252.9 0.01 293.0 

19.03 253. 0 0.01 292.2 

19.03 253.1 O.Oi 291.5 

19.03 253.2 0. 01 290. 7 

19.04 253.4 0. 01 290.0 

19. 04 253.5 0. 00 209. 2 

19.04 253. 6 0. 00 288. 4 

19.04 253. 1 0. 00 2 87. 6 

19.04 253. 8 -0. 00 286.8 
19. 04 254. 0 -0.00 286.0 

19. 05 254. L -0.00 285. 2 

19.05 254. 2 -0. 01 284. 4 

19.05 254. 3 -0. 01 ? 83.5 

19.05 254. 4 -0. 01 2 82. 8 

19.05 254. 5 -0. 01 7 82. 0 

19.06 254.7 -0.01 281. 1 

19.06 254. 8 -0. 01 280. 3 

19.06 254. 9 -0. 01 279. 5 

19.06 255. 0 -0. 02 278. 6 

19.06 255. 1 -0. 02 277. 8 

19.06 255.3 -0. 02 276. 9 

19.0 7 25 5. 4 -0. 02 2 76. 1 

19.07 255.5 -0. 02 275. 2 

19.07 255. 6 -0. 02 274.3 
1 9. 07 265.7 -0.03 273.5 

19.07 255.9 -0.03 272.6 

19.08 256. 0 -0. 03 271.8 

19.08 256. 1 -0. 03 2 7 0. 9 

19.08 256.2 -0.03 270.0 
19. 08 256.3 -0.03 269.2 

19.08 256.4 -0.04 ?68.3 

19.08 256. 6 -0. 04 267.4 

19.09 256. 7 -0. 04 266.6 
19.-09 256. 8 -0. 04 2 65, 7 

19.09 256.9 -0.04 264.9 
19. 09 257. 0 -0. 04 264. 0 

19.09 257.2 -0. 05 263.2 
19. 10 257. 3 -0. 05 262. 3 

19.10 257.4 -0.05 261.5 

19.10 257.5 -0.05 260.6 
19. 1 0 257.6 -0.05 259. 8 

19. 10 257. 7 -0. 05 259.0 
19. 1 1 257. 9 -0. 05 258. I 
19. 1 1 268. 0 -0. 06 257. 3 
19. 1 1 258. 1 -0. 06 256. 5 
19. 1 1 258.2 -0.06 255.7 


78.9 19.33 33.24 268.1 

79.9 19.49 33.24 268.2 

79.0 19.61 30.24 268.2 

79.0 19.73 33.24 268.3 

79.1 19.82 33.24 268.3 

79.2 19.90 30.24 268.4 

79.3 19.94 33.24 268.5 

79.4 19.95 30.24 268.5 

79.5 19.94 30.24 268.6 

79.5 19.90 30.24 268.6 

79.6 19.84 30 .24 268.7 

79.7 19.74 33.24 268.7 

79.8 19.63 30.24 268.8 

79.8 19.5-0 30.24 268.9 

79.9 19.35 30.24 268.9 

80.0 19.19 30.24 269.0 

BO.l 19.32 33 .24 269.0 

80.1 18.35 30 .24 269.1 

80.2 18.68 30.24 269.2 

83.3 18.52 33 .24 269.2 

80.3 18.38 30 .24 269.3 

83.4 18.25 30.24 269.3 

80.5 18.15 33 .24 269.4 

80.5 18.07 30.24 269.5 

80.6 18.01 33 .24 269.5 

80.7 17.99 30 .24 269.6 

80.7 17.99 33 .24 269.6 

80.8 18.03 30.24 269.7 

80.9 18.09 30.24 269.8 

80.9 18.13 30.24 269.8 

81 .0 18.29 33 .24 269.9 

31 .3 18.42 33 .24 269.9 

81 .1 13.57 30.24 270.0 

81.1 18.73 30.24 270.0 

81 .2 13.90 33 .24 270.1 

81 .3 19.07 30 .24 270.2 

81 .3 19.24 33 .24 270.2 

81 .4 19.40 33.24 270.3 

81.4 19.55 30 .24 270.3 

81 .4 19.63 33 .24 270.4 

81.5 19.80 30 .24 270.5 

81 .5 19.89 33 .23 270.6 

81.6 19.96 33 .23 270.6 

81.6 20.01 30.23 270.6 

81.7 20.02 30 .23 270.7 

81 .7 23 .01 33 .23 270.8 

81 .7 19.97 33 .23 270.8 

81.8 19.90 30.23 270.9 

81.8 19.81 30.23 270.9 

81.8 19.69 30.23 271.0 

81.9 19.56 33 .23 271.1 

31 .9 19.41 33 .23 271.1 

81 .9 19.25 30 .23 271.2 

81 .9 19.08 30 .23 271.2 

82.0 18.91 30.23 271.3 

B?.0 10.75 30 .23 271.3 

3? .0 13 .59 33 .23 271 .4 

82.0 18 .44 33 .23 271.5 

8? .0 19 .32 33 .23 271.6 

82.1 18.21 30.23 271.6 

82.1 18.13 30 .23 27 1.6 

82 .1 13.33 33 .23 271.7 

82.1 18.06 30 .23 271.8 

32.1 18.06 33 .23 271.8 

82.1 18.10 30 .23 271.9 

92 .1 18.16 33 .23 271.9 

3? .1 13.25 33 .23 272.0 

82 .1 18.36 33 .23 272.1 

82.1 18.49 33 .23 272.1 

82.1 18.64 30 .23 272.2 

32 .1 18.80 30 .23 272.2 

8>.l 13.97 33 .23 272.3 

82.1 19.14 30 .23 272.4 

82 .1 19.31 30 .23 272.4 

82.1 19.47 30 .23 272.5 

82 .1 19 .62 33 .23 272.5 

8? .0 19.76 33 .23 2.72.6 

82.0 19.97 33 .23 272.6 

82 .0 19.96 30 .23 272.7 

82 .0 23.03 30 .23 272.8 

82 .0 23.09 33 .23 272.8 

81 .9 23.09 33 .23 272.9 

81.9 20.08 33 .23 272.9 

81.9 23.03 30 .23 273.0 

81 .9 19.97 30.23 273.1 


1.22 256.7 -28.1 30.27 

1.21 256.8 -28.2 30.44 

1.21 256.8 -28.2 30.60 

1.21 256.9 -28.2 30.75 

1.21 257.0 -28.2 30.89 


1.21 257.0 -28.2 31.00 

1.21 257.1 -28.2 31.10 

1.21 257.2 -28.2 31.17 

1.20 257.2 -28.2 31.21 

1.20 257.3 -28.2 31.22 

1.20 257.4 -28.2 31.21 

1.20 257.4 -28.2 31.16 

1.20 257.5 -28.2 31.09 

1.20 257.6 -28.2 30.99 

1.20 257.6 -28.2 30.87 

1.20 257.7 -?8.2 30.74 

1.19 257.8 -28.2 30.58 
1. 19 257.8 -28.3 30.42 

1.19 257.9 -28.3 30.25 

1.19 250.0 -28.3 30.07 

1.19 258.0 -28.3 29.91 

1.19 258.1 -£0.3 29.75 

1.19 258.2 -28.3 29.61 

1.18 258.2 -28.3 29.48 

1.18 258.3 -28.3 29.38 

1.18 258.4 -28.3 29.30 
1. 18 268.4 -28.3 29.25 

1.18 258.5 -28.3 29.22 

1.18 258.6 -28.3 29.23 

1.18 258.6 -28.3 29.26 

1.17 258.7 -28.3 29.33 

1.17 258.8 -28. 3 29.41 

1.17 258.9 -28.3 29.53 

1.17 258.9 -28.3 29.66 

1.17 259.0 -28.4 29.81 

1.17 259.1 - 28.4 29.97 
1.17 259.1 - 28.4 30.13 

1.17 259.2 - 28.4 30.30 

1.16 259.3 - 28.4 30.47 

1.16 259.3 - 28.4 30.63 

1.16 259.4 -28.4 30.78 

1.16 259.5 -28.4 30.91 

1.16 259.5 -28.4 31.02 

1.16 259.6 - 28.4 31.11 

1.16 259.7 -28.4 31.18 

1.15 259.7 -28.4 31.21 

1.15 259.8 -28.4 31.22 

1.15 259.9 -28.4 31.19 

1.15 259.9 -28.4 31.14 

1.15 260.0 -28.4 31.06 

1.15 260.1 -28.4 30.96 

1.15 260.1 -28.4 30.83 

1.14 260.2 -28.4 30.69 

1.14 260.3 -28.4 30.53 

1.14 260.3 -28.5 30.37 

1.14 260.4 -28.5 30.19 

1.14 260.5 -28.5 30.02 

1.14 260.5 -28.5 29.36 

1.14 260.6 -28.5 29.71 

1.13 260.7 -28.6 29.67 

1.13 260.7 -28.5 29.45 

1.13 260.8 -28.5 29.35 

1.13 260.9 -28.5 29.28 

1.13 260.9 -28.5 29.23 

1.13 261.0 -28.5 29.21 

1.13 261.1 -28.5 29.23 

1.12 261.1 -28.5 29.27 

1.12 261.2 -28.6 29.34 

1.12 261.3 -28.6 29.43 

1.12 261.3 -28.5 29.55 

1.12 261.4 -28.5 29.69 

1.12 261.5 -28.5 29.84 

1.12 261.5 -28.5 30.00 

1.11 261.6 -28.5 30.17 

1.11 261.7 -28.5 30.34 

1.11 261.7 -28.5 30.51 

1.11 261.8 -28.6 30.66 
l.tl 261.9 -28.6 30.81 

1.1 1 261.9 -28.6 30.94 
1. 11 262.0 -28.6 31.04 

1.10 262.1 -28.6 31.12 
1. 10 262.1 -28.6 31.18 

1.10 262.2 -28.6 31.21 
1. 10 262.3 -28.6 31.21 

1.10 262.3 -28.6 31.17 


29.79 209.0 16. 97 
29.79 209.1 16.96 
29.78 209.1 16.96 
29. 78 209.2 16.96 
29.78 209.3 16.95 

29.78 209.3 16.95 
29.78 209.4 16.95 
29. 78 209.5 16.94 
29. 77 2 09.5 16.94 
29.77 209.6 16.94 

29.77 209.7 16.93 
29. 77 209.8 16.93 
29.77 2 09.8 16.93 
29. 76 2 09.9 16.92 
29.76 210.0 16.92 

29.76 210.0 16. 92 
29.76 210.1 16.91 
29.76 210.2 16. 91 
29.76 210.3 16.91 
29. 75 210.3 16.90 

29.75 210.4 16.90 
29.75 210.5 16. 89 
29. 75 210.5 16.89 
29.75 210.6 16. 89 
29. 75 210.7 16.88 

29.74 210.7 16. 88 
29. 74 21 0.8 16. 88 
29.74 210.9 16. 87 
29. 74 211.0 1 6. 87 
29. 74 211.0 16. 86 

29.74 21 1.1 16. 86 
29.73 211. 2 t 6.86 
29.73 211.2 16. 85 
29. 73 211.3 16. 8* 
29.73 211.4 16. 84 

29. 73 211. 5 16. 84 
29.73 211.5 16. 84 
29.72 211.6 16.83 
29. 72 211.7 16.83 
29. 72 211.7 16. 82 

29.72 211.8 16. 82 
29. 72 211.9 16. 82 
29.72 211.9 16.81 
29.71 212.0 16.81 
29. 71 212.1 16. 80 

29.71 212.2 1 6. 80 
29.71 212.2 16.80 
29.71 212.3 16.79 
29. 71 212.4 16.79 
29. 71 212.4 16.78 

29. 70 212. 5 16. 78 
29.70 212.6 16. 77 
29.70 212.7 16.77 
29.70 212.7 16.76 
29. 70 212.8 16.76 

29.70 212.9 16.76 
29.69 212.9 16. 75 
29.69 213.0 16.75 
29.69 213.1 1 6. 74 
29.69 213.2 16.74 

29.69 213. 2 16.73 
29.69 213.3 16.73 
29.69 213.4 16.7? 
29.68 213.4 16.72 
29.68 213.5 16.71 

29.68 213.6 16.71 
29.68 213.6 16.70 
29.60 213.7 16.70 
29.68 213.8 16.70 
29.68 213.9 16.69 

29.68 213.9 16.69 
29.67 214.0 1 6.68 
29.67 214.1 16. 68 
29.67 214.1 16.67 
29.67 214.2 16.67 

29.67 214.3 16.66 
29.67 214.4 16.66 
29.67 214.4 16.65 
29.67 214.5 16.65 
29.66 214.6 16.64 

29.66 214.6 16.64 
29. 66 214.7 16.63 
29.66 214.8 16.63 
29.66 214.9 16.62 
29.66 214.9 16.61 


164.4 0.0 30.62 

164.5 0.0 30.69 

164.6 0.0 30.72 

164.6 0.0 30.74 

164.7 0.0 30.72 

164.8 0.0 30.68 

164.8 0.0 30.61 

164.9 0.0 30.52 
165.0 0.0 30.40 

165.0 0.0 30.27 

165.1 0.0 30.12 

165.2 0.0 29.96 

165.2 0.0 29.79 

165.3 0.0 29.62 

165.4 0.0 29.46 

165.4 0.0 29.31 

165.5 0.0 29.16 

165.6 0.0 29.04 

165.6 0.0 28.94 

165.7 0.0 28.86 

165.8 0.0 28.81 
165.8 0.0 28.79 
165. 9 0.0 20.80 
166.0 0.0 28.83 

166.0 0.0 23.89 

166.1 0.0 28.98 

166.2 0.0 29.09 

166.2 0.0 29.21 

166.3 0.0 29.35 

166.4 0.0 29.30 

166.5 0.0 29.66 

166.5 0.1 29.82 

166.6 0.0 29.98 

166.7 0.0 30.13 

166.7 0.0 30.26 

166.8 0.0 30.39 

166.9 0.0 30.49 
166. 9 0.0 30.57 

167.0 0.0 30.63 

167.1 0.0 30.67 

167.1 0.0 30.67 

167.2 0.0 30.65 

167.3 0.0 30.60 

167.3 0.0 30.53 

167.4 0.0 30.43 

157.5 0.0 30.31 

167.5 0.0 30.17 

167.6 0.0 30.02 

167.7 0.0 29.86 

167.7 0.0 29.69 

167.8 0.0 29.53 

167.9 0.0 29.37 
167.9 0.0 29.21 

168.0 0.0 29.08 

168.1 0.0 28.96 

168.1 0.0 28.86 

168.2 0.0 28.79 

168.3 0.0 28.75 

168.4 0.0 28.73 

168.4 0.0 28.74 

168.5 0.0 28.78 

168.6 0.0 23.85 

168.6 0.0 28.94 

168.7 0. 0 29.05 

168.8 0.0 29.18 

168.8 0.0 29.33 

168.9 0.0 29.48 
169.0 0.0 29.64 

169.0 0.0 29.80 

169.1 0.0 29.95 

169.2 0.0 30.10 

169.2 0.0 30.24 

169.3 0.0 30.36 

169.4 0.0 30.46 

169.4 0.0 30.53 

169.5 0.0 30.59 

169.6 0.0 30.62 

169.6 0.0 30.62 

169.7 0.0 30.59 

169.8 0.0 30.54 

169.9 0.0 30.46 
169.9 0.0 30.36 
170. 0 0.0 30.23 
170.1 0.0 30.09 
170.1 0.0 29.94 
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PLANETARY EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 

EARTH JUPITER SATURN 

DATE R LONS LAT RAS DECS R LONG L AT RAS DECS CD 1ST R LONS LAT RAS DECS COIST 


46450.0 1986 JAN 19.5 0.90 116.8 0.0 300.9 -20.4 5.03 326.5 -0.95 10.1 0.5 5.91 9.99 242.4 1.93 65.8 24.5 10.57 

46460.0 1986 JAN 29.5 0.98 128.9 0.0 311.4 -18.0 5.02 327.4 -0.96 11. 0 0.6 5.97 9.99 242.7 1.93 66.1 24.6 10.43 

46470.0 1986 FEB 8.5 0.99 139.1 0. 0 321.5 -15.1 5.02 328.2 -0.97 11.9 0.6 6.00 9.99 243.0 1. 92 66.4 24.6 10.28 

46480.0 1986 FEB 18.5 0.99 149.2 0.0 331.3 Hl.B 5.02 329.1 -0.99 12.7 0.7 6.01 10.00 243.3 L.91 66.8 24.7 10.11 

46490.0 1986 MAR 0.5 0.99 159.3 0.0 340.9 -8.1 5.01 330.0 -1.00 13.6 0.7 5.99 10.00 243.6 1.90 67.1 24.7 9.95 

46500.0 1986 MAR 10.5 0.99 169.3 0.0 350.2 -4.2 5.01 330.9 -1.01 14.5 0.8 5.96 10.00 243.9 1.89 67.4 24.8 9.78 

46510.0 1986 MAR 20.5 1.00 179.2 0.0 359.3 -0.3 5.01 331.8 -1.03 15.4 0.8 5.91 10.00 244.2 1.88 67.8 24.8 9.6? 

46520.0 1986 MAR 30.5 1.00 189.1 0.0 8.4 3.5 5.01 332.7 -1.04 16.3 0.9 5.84 10.00 244.5 1.87 68.1 24.9 9.47 

46530.0 1986 APR 9.5 1.00 199.0 0.0 17.5 7.4 5.01 333.6 -1.05 17.2 0.9 5.75 10.00 244.8 1.87 68.4 24.9 9.33 

46540.0 1986 APR 19.5 1.00 208.8 0.0 26.8 11. 1 5.00 334.5 -1.06 18.1 1.0 5.65 10.00 245.1 1.86 68.7 25.0 9.22 

46550.0 1986 APR 29.5 1.01 218.5 0.0 36.2 14.4 5.00 335.4 -1.07 19.0 1.0 5.53 10.01 245.4 1. 85 69.1 25.0 9.12 

46560.0 1986 MAY 9.5 1.01 228.2 0.0 45.8 17.3 5.00 336.3 -1.39 19.9 1.0 5.40 10.01 245.7 1.84 69.4 25.1 9.05 

46570.0 1986 MAY 19.5 1.01 237.9 0.0 55.6 19.7 5.03 337.2 -1.10 20.8 1.1 5.26 10.01 246.0 1.83 69.7 25.1 9.01 

46580.0 1986 MAY 29.5 1.01 247.5 0.0 65.7 21.6 4.99 338.1 -1.11 21.7 l.l 5.11 10.01 246.3 1. 82 70.1 25.2 9.00 

46590.0 1986 J UN 8.5 1.02 257.0 0.0 75.9 22.8 4.99 339.0 -1.12 22.6 1.2 4.95 10.01 246.6 1.81 70.4 25.2 9.0? 

46600.0 1986 JUN 18.5 1.02 266.6 0.0 86.3 23.% 4.99 339.9 -1.13 23.5 1.2 4.80 10.01 246.9 1.80 70.7 25.3 9.06 

46610.0 1986 JUN 28.5 1.02 276.1 0.0 96.7 23.3 4.99 340.8 -1.14 24.4 1.3 4.64 10.01 247.2 1.79 71.1 25.3 9.14 

46620.0 1986 JUL 8.5 1.02 285.7 0.0 107.0 22.5 4.99 341.7 -1.15 25.3 1.3 4.50 10.02 247.5 1.78 71.4 25.3 9.2% 

46630.0 1986 JUL 18.5 1.02 295.2 0.0 117.2 21.1 4.93 342.6 -1.16 26.2 1.4 4.36 10.02 247.8 1.78 71.7 25.4 9.36 

46640.0 1986 JUL 28.5 1.02 304.8 0.0 127.1 19.1 4.93 343.5 -1.17 27.1 1.4 4.24 10.02 248.1 1.77 72.1 25.4 9.50 

46650.0 1986 AUG 7.5 1.01 314.3 0.0 136.8 16.5 4.98 344.4 -1.18 28.0 1.4 4.13 10.02 248.4 1.76 72.4 25.5 9.65 

46660.0 1986 AUG 17.5 1.01 323.9 0.0 146.3 13.5 4.93 345.3 -1.19 28.9 1.5 4.05 10.02 248.7 1.75 72.7 25.5 9.81 

46670.0 1986 AUG 27.5 1.01 333.6 0.0 155.5 10.2 4.98 346.2 -1.19 29.8 1.5 4.00 10.02 249.0 1.74 73.1 25.6 9. 98 

46680.0 1986 SEP 6.5 1.01 343.2 0.0 164.6 6.6 4.97 347.1 -1.20 30.7 1.6 3.97 10.02 249.3 1.73 73.4 25.6 10. 1* 

46690.0 1986 SEP 16.5 1.01 353.0 0.0 173.6 2.8 % .97 348.1 -1.21 31.6 1*6 3.97 10.02 249.7 1.72 73.7 25.6 10.30 

46700.0 1986 SEP 26.5 1. 00 2.7 0.0 182.5 -1.1 4.97 349.0 -1.22 32.6 1.7 4.01 10.03 250.0 1.71 74.1 25.7 10.45 

46710.0 1986 3CT 6.5 1.00 12.6 0.0 191.6 -5.0 4.97 349.9 -1.23 33.5 1.7 4.07 10.03 250.3 1.70 74.4 25.7 10.59 

46720.0 1986 OCT 16.5 1.00 22.5 0. 0 200.3 -8.3 4.97 350.8 -1.23 34.4 1.7 4.15 10.03 250. 6 1.69 74.7 25.7 10.72 

*6730.0 1986 1C T 26.5 0.99 32.4 0.0 210.2 -12.3 4.97 351.7 -1.24 35.3 1.8 4.26 10.03 250.9 1.68 75.1 25.8 10.82 

46740.0 1986 N3V 5.5 0.99 42.4 0.0 220.0 -15.6 4.97 352-6 -1.25 36.2 1.8 4.39 10.03 251-2 1.67 75.4 25.8 10.91 

46750.0 1986 NOV 15.5 0.99 52.5 0.0 230.1 -18.4 4.96 353.5 -1.25 37.1 1.9 4.53 10.03 251.5 1.66 75.7 25.8 10.97 

46760.0 1986 NOV 25.5 0.99 62.6 0.0 240.5 -20.7 4.96 354.4 -1.26 38.0 1.9 4.69 10.03 251.8 1.65 76.1 25.9 11.01 

46770.0 1986 OEC 5.5 0. 9 9 72. 7 0. 0 2 51.3 -22.3 4 .9 6 3 5 5.3 -1.26 38.9 1.9 4.84 1 0.03 2 52.1 L. 64 76.4 25.9 11.02 

46780.0 1986 DEC 15.5 0.98 82.9 0.0 262.2 -23.3 4.96 356.3 -1.27 39.8 2.0 5.00 10.03 252-4 1.63 76.7 2*. 9 11.00 

46790.0 1986 DEC 25.5 0.98 93.0 0.0 273.3 -23.% 4.95 357.2 -1.27 40.8 2.0 5.15 10.04 252.7 1.62 77.1 26.0 10.96 

46800.0 1987 JAN 4.5 0.98 103.2 0.0 284.4 -22.8 4.96 358.1 -1.28 41.7 2.0 5.30 10.04 253.0 1.61 77.4 26.0 10.90 

46810.0 1987 JAN 14.5 0.98 113.4 0.0 295.3 -21.4 4.96 369.0 -1.28 42.6 2.1 5-44 10.04 253-3 1.60 77.7 26.0 10.81 

46820.0 1987 JAN 24.5 0.98 123.6 0.0 305.9 -19.4 4.96 359.9 -1.28 43.5 2.1 5.56 10.04 253.6 1.59 78.1 26.1 10.70 

46830.0 1987 FEB 3.5 0.99 133.8 0.0 316.2 -16.7 4.95 0.8 -1.29 44.4 2.1 5.67 10.04 253.9 1.58 78.4 26.1 10.57 

46840.0 1987 FEB 13.5 0.99 143.9 0.0 326.2 -13.6 4.96 1.7 -1.29 45.3 2.2 5.77 10.04 254.2 1.57 78.7 26.1 10.42 

46850.0 1987 FER 23.5 0.99 154.0 0.0 335.9 -10. 1 4.96 2.7 -1.29 46.2 2.2 5. 84 10.04 254.5 1.56 79.1 26.1 10.27 

46860.0 1987 MAR 5.5 0.99 164.0 0.0 345.3 -5.3 4.95 3.6 -1.30 47.2 2.2 5.90 10.04 254.8 1.55 79.4 26.2 10.10 

46870.0 1987 MAR 15.5 0.99 174.0 0. 0 354.5 -2.4 4.95 4.5 -1.30 48.1 2.3 5.93 10.04 255. L 1. 54 79.7 26.2 9.94 

46880.0 1987 «AR 25.5 1.00 183.9 0. 0 3.6 1 .6 4.95 5.4 -1 .30 49.0 2.3 5.95 10.04 255.4 1.53 80.1 26.2 9.77 

46890.0 1987 APR 4.5 1.00 193.8 0.0 12.7 5.5 4.95 6.3 -1.30 49.9 2.3 5.95 10.05 255.7 1. 52 80.4 26.2 9.61 

46900.0 1987 APR 14.5 1.00 203,6 0.0 21.9 9.2 4.95 7.2 -1.30 50.8 2.4 5.92 10.05 256.0 1.51 80.7 26.3 9.47 

46910.0 1987 A 3 R 24.5 1.01 213.4 0. 0 31.2 12.7 4.95 8.1 -1.30 51.7 2.4 5.88 10.05 256.3 1.50 81.1 26.3 9.34 

46920.0 1987 HAY 4.4 l.Ol 223.1 0.0 40.7 15. 8 4.95 9.1 -1.31 52.6 2.4 5.81 10.05 256.6 1.49 81.4 26.3 9.22 

46930.0 1987 MAY 14.5 1.01 232.8 0.0 50.4 18.5 4.95 10.0 -1.31 53.6 2.5 *.73 10.05 2*6.9 1.48 81.7 26.3 9.14 

46940.0 1987 MAY 24.5 1.01 242.4 0.0 60.4 20.7 4.95 10.9 -1.31 54.5 2.5 5.6* 10.05 257.2 1.47 82.1 26.3 9.07 

46950.0 1987 JUN 3.5 t. 01 252-0 0.0 70.5 22.2 4.95 11.8 -1.30 55.4 2.5 5.53 10.05 257.5 1.46 82.4 26.4 9.04 

46960.0 1987 JUN 13.5 1.02 261.6 0.0 BO. 9 23.2 4.95 12.7 -1.30 56.3 2.6 5.40 10.05 257. 8 1 . *5 82.7 26.4 9.04 

46970.0 1987 JUN 23.5 1. 02 271.1 0.0 91.2 23.4 4.95 13.6 -1.30 57.2 2.6 5.27 10.05 258.1 1.44 83.1 26.4 9.06 

46980.0 1987 JUL 3.5 1.0? 280.7 0.0 101.6 23.0 4.95 14.6 -1.30 58.2 2.6 5.12 10.05 258.4 1.43 83.4 26.4 9.12 

46990.0 1987 JUL 13.5 1.02 290.2 0.0 111. 9 21 .9 4.95 15.5 -1.30 59.1 2.6 4.97 10.05 258.7 1.41 83.8 26.4 9.20 

47000.0 1987 JUL 23.5 1.02 299.7 0.0 121.9 20.2 4.95 16.4 -1.30 60.0 2.7 4.82 10.05 259.0 1.40 84.1 26.4 9.31 

47010.0 1987 AUG 2.5 1. 01 309.3 0. 0 131. 7 17.9 4.95 17.3 -1.29 60.9 2.7 4.67 10.05 259.3 1.39 84. 4 26.4 9.43 

47020.0 1987 AUG 12.5 1.01 318. 9 0. 0 141.3 15 .2 4.95 18.2 -i.29 61.8 2.7 4.5? 10.06 259.6 1.38 84.8 26.5 9.58 

47030.0 1987 AUG 22.5 1.01 328.5 0.0 150.7 12.0 4.95 19.1 -1.29 62.7 2.7 4.38 10.06 2*9.9 1.37 85.1 26.5 9.73 

47040.0 1987 SEP 1.* 1.01 338.1 0.0 159.8 8.5 4.95 20.1 -1.29 63.7 2.7 4.26 10.06 260.2 1.36 85.4 26.5 9.90 

47050.0 1987 SEP 11.5 1.01 347.8 0.0 168.8 % .8 4.95 21.0 -1.28 64.6 2-8 4.15 10.06 260.5 1.35 85. R 26.5 10.06 

47060.0 1987 SEP 21.5 1.00 357.6 0.0 177.8 1.0 4.9* 21.9 -1.28 65.5 2.8 4.06 10.06 260.8 1.3* 86.1 26.5 10.23 

47070.0 1987 3CT 1.5 1.00 7.4 0. 0 186.8 -2.9 4.95 22.8 -1.27 66.4 2.3 4.00 10.06 261.1 1.33 86.4 26.5 10.33 

47080.0 1987 3CT 11.5 1.00 17.3 0.0 195.9 -5.8 4.95 23.7 -1.27 67.3 2.8 3.96. 10.06 261.4 1.32 86.8 26.5 10.53 

47090.0 1987 DCT 21.5 1.00 27.2 0. 0 205.2 -10.5 4.95 24.6 -1.26 68.2 2.8 3.96 10.06 261.7 1.31 87.1 26.5 10.67 

47100.0 1987 N 3 V 0.5 0.99 37.1 0.0 214.8 -13.9 4.96 25.6 -1.26 69.2 2.9 3.99 10.06 262.0 1.29 87.4 26.5 10.79 

47110.0 1987 N1V 10.5 0.99 47.2 0.0 224.7 -17.0 4.96 26.5 -1.25 70.1 2.9 4.05 10.06 262.3 U2B 87.8 26.5 10.89 

47120.0 1987 N3 V 20.5 0.99 57.2 0.0 235. 0 -19.5 4.96 27.4 -1.25 71.0 2.9 4.13 10.06 262.6 1.27 88.1 26.5 10.96 

47130.0 1987 DEC 0.5 0.99 67.4 0.0 245.6 -21.6 4.96 28.3 -1.24 71.9 2.9 4.2* 10.06 262.9 1.26 88.5 26.5 11.02 

47140.0 1987 DFC 10.5 0.98 77.5 0.0 256.4 -22.9 4.96 29.2 -1.23 72-8 2.9 4.37 10.06 263.2 1.25 R8. 8 26.6 H.0& 

47150.0 1987 OEC 20.5 0.98 87.7 0.0 267.5 -23.% 4.95 30.1 -1.23 73.7 2.9 4.51 10.06 263.5 1.24 89.1 26.6 11.04 

47160.0 1987 DEC 30.5 0.98 97.9 0.0 278.5 -23.2 4.96 31.0 -1.22 74.6 3.0 4.66 10.06 263.8 1.23 89.5 26.6 11.02 

47170.0 1988 JAN 9.5 0.98 108.1 0.0 289.5 -22.2 4.96 32.0 -1.21 75.6 3.0 4.82 10.06 264.1 1.22 89. R 26.6 10.97 

47180.0 1988 JAN 19.5 0.98 118.2 0.0 3 00.4 -23.5 4.96 32.9 -1.20 76.5 3.0 4.98 10.06 264.4 1.20 90.1 25.6 10.90 

47190.0 1988 JAN 29.5 0.98 128.4 0.0 310.9 -10.2 4.96 33.8 -1.19 77.4 3.0 *.14 10.06 264.7 1.19 90.5 26.6 10.80 

47200.0 1988 FEB 8.5 0.99 138.6 0.0 321. 0 -15.3 4.97 34.7 -1.19 78.3 3.0 5.29 10.07 265.0 1. 18 90. 8 26.6 10.66 

47210.0 1988 FFR 18.5 0.99 148.7 0.0 330.8 -11.9 4.97 35.6 -1.18 79.2 3.0 5.43 10.07 265.3 1.17 91.1 26.6 10.5* 

47270.0 1988 MAR 0.5 0.99 158.7 0.0 340.4 -3.3 4.97 36.5 -1.17 80.1 3.0 5.56 10.07 265.6 1.16 91.5 26.5 10.40 

47230.0 1988 MAR 9.5 0.99 168.8 0. 0 349.7 -4.4 4.97 37.4 -1.16 81.0 3.0 5.68 10.07 265.9 1.15 91.8 26.5 10.24 

47240.0 1988 MAR 19.5 1.00 178.7 0.0 3*8.8 -0.5 4.97 38.3 -1.15 81.9 3.0 5.77 10.07 266.2 l.l* 92.1 26.5 10.07 

47250.0 1988 MAR 29.5 1.00 188.6 0.0 7. 9 3.4 4.97 39.2 -1.14 82.8 3.0 5.06 10.07 266.5 1. 12 92.5 26.5 9.91 

47260.0 1988 A 3 R 8.* 1.00 198.5 0.0 17.1 7.3 4.97 48.1 -1.13 83.8 3.0 *.92 10.07 266.8 1.11 92.0 26.5 9.74 

47270.0 198R APR 18.5 l.OC 200.3 0.0 26.3 10.9 4.9B 41.1 -1.12 84.7 3.1 5.96 10.07 267.1 1. 10 93.1 26.5 9.59 

47280.0 1988 APR 28.5 1.01 218.0 0. 0 35.7 14.2 4.98 42.0 -1.11 85.6 3.1 5.98 10.07 267.4 1.09 93.5 26.5 9.44 

47290.0 1983 MAY 8.5 1.01 227.7 0.0 45.3 17.1 4.93 42.9 -1.10 86.5 3.1 5.9° 10.07 267.7 1.08 93.8 26.5 9.32 
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LONG 
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CDIST 
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LONS 

LAT 
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CDIST 

46*50.0 

1986 

JAN 

19.5 

19.il 

258.3 -0.06 

254.9 

Bl.8 

19.87 

30.23 

273.1 

1.10 

262.4 -28.6 

31.12 

29.66 

215.0 

16.61 

170.2 0.0 

29.77 

46460.0 

1986 

JAN 

29.5 

19.11 

25 8.5 -0.06 

254.1 

81.8 

19.76 

33.23 

273.2 

1.10 

262.5 -28.6 

31.03 

29.66 

215.1 

16.60 

i 170.3 0.0 

29.61 

46470.0 

1986 

FEB 

8.5 

19.12 

250.6 -0.06 

253.3 

81 .8 

19.62 

30 .2 3 

273.2 

1.09 

262.5 -28.6 

30.92 

29.65 

215.1 

16. 60 

170.3 0.0 

29.44 

46480.0 

1986 

FEB 

18.5 

19.12 

25 8.7 -0.07 

252.5 

81.7 

19.47 

30.23 

273.3 

1.09 

262.6 -28.6 

30.79 

29.65 

215.2 

16.59 

170.4 0.0 

29.28 

46490.0 

1986 

MAR 

0.5 

19.12 

258.8 -0.07 

251.7 

81.7 

19.31 

30.23 

273.4 

1.09 

262.7 -28.6 

30.64 

29.65 

215.3 

16. 59 

170.5 0.0 

29.13 

46500.0 

1986 

MAR 

10.5 

19.12 

250.9 -0.07 

250.9 

81.7 

19.14 

30.23 

273.4 

1.09 

262.7 -28.6 

30.48 

29.65 

215.3 

16. 58 

170.5 0.0 

29.00 

46510.0 

1986 

MAR 

20.5 

19.12 

259.0 -0.07 

250.2 

81.5 

18.97 

33.22 

273.5 

1.09 

262.8 -28.6 

30.31 

29.65 

215.4 

16.58 

170.6 0.0 

28.89 

46620.0 

1986 

MAR 

30.5 

19.13 

259.2 -0.07 

249.4 

81.5 

19.8 1 

30.22 

273.5 

1.09 

262.9 -28.6 

30.14 

29.65 

215.5 

16. 57 

170.7 0.0 

28.79 

46530.0 

1986 

APR 

9.5 

19. L 3 

259.3 -0.07 

240.7 

81.5 

18.65 

30.22 

273.6 

1.09 

262.9 -20.6 

29.97 

29. 65 

215.6 

16.57 

170.7 0.0 

28.73 

46540.0 

1986 

A 3 R 

19.5 

19.13 

259.4 -0.08 

247.9 

81.5 

18.51 

30 .22 

273.7 

1.08 

263.0 -28.6 

29.81 

29.65 

215.6 

16.56 

170.8 0.0 

28.69 

46550.0 

1986 

APR 

29.5 

19.13 

259.5 -0.08 

247.2 

81.5 

18.38 

30.22 

273.7 

1.08 

263.1 -28.6 

29.66 

29.64 

215.7 

16.56 

170.9 0.0 

28.68 

46560.0 

1986 

MAY 

9.5 

19.13 

259.6 -0.08 

246. 4 

81.4 

18.28 

30.22 

273.8 

1.08 

263.1 -28.6 

29.53 

29.64 

215.8 

16.55 

170.9 0.0 

28.70 

46570.0 

1906 

MAY 

19.5 

19.13 

259.7 -0.08 

245. 7 

81 .4 

19.20 

30 .22 

273.8 

1.08 

263.2 -28.6 

29.41 

29.64 

215.8 

16.54 

171.0 0.0 

28.75 

46580.0 

1986 

MAY 

29.5 

19.14 

259.9 -0.08 

245.0 

81.3 

18.15 

30.22 

273.9 

1.08 

263.3 -28.6 

29.32 

29. 64 

215.9 

16.54 

171.1 0.0 

28.82 

46690.0 

1986 

JUN 

8.5 

19.14 

26 0.0 -0.08 

244.3 

91.3 

18.13 

30.22 

273.9 

1.08 

263.3 -28.6 

29.25 

29.64 

216.0 

16.53 

171.1 0.0 

28.92 

46600.0 

1986 

J UN 

18.5 

19.14 

260.1 -0.08 

243.6 

81.2 

18.13 

30.22 

274.0 

1.08 

263.4 -28.6 

29.22 

29.64 

216.1 

16.53 

171.2 0.0 

29.03 

46610.0 

1986 

JUN 

28.5 

19.14 

260.2 -0.09 

242.9 

81.2 

18.17 

30.22 

274.1 

1.07 

263.5 -28.6 

29.21 

29.64 

216.1 

16.52 

171.3 0.0 

29.16 

46620.0 

1986 

JUL 

8.5 

19.14 

260.3 -0.09 

242.2 

81. L 

18.23 

30 .22 

274.1 

1.07 

263.5 -28.6 

29.2 3 

29.64 

216.2 

16.52 

171.4 0.0 

29.31 

46630.0 

1986 

JUL 

18.5 

19.15 

260.5 -0.09 

241.6 

81.1 

18.32 

30.22 

274.2 

1.07 

263.6 -28.6 

29.28 

29. 64 

216.3 

16.51 

171.4 0.0 

29.47 

46640.0 

1986 

JUL 

28.5 

19.15 

260.6 -0.09 

240.9 

31 .3 

18.43 

30 .22 

274.2 

1.07 

263.7 -28.7 

29.35 

29. 64 

216.3 

16. 51 

171.5 0.0 

29.63 

46650.0 

1986 

AUG 

7.5 

19.15 

260.7 -0.09 

240.3 

80.9 

18.57 

30.22 

274.3 

1.07 

263.7 -28.7 

29.45 

29.63 

216.4 

16.50 

171.6 0.0 

29.78 

46660. 0 

1986 

AUG 

17.5 

19.15 

260. 8 -0.09 

239.5 

93.9 

19.72 

30.22 

274.4 

1.07 

263.8 -28.7 

29.58 

29.63 

216.5 

16.49 

171.6 0.3 

29.94 

46670.0 

1986 

AUG 

27.5 

19.15 

260.9 -0.10 

239.0 

80.3 

18.88 

30.22 

274.4 

1.07 

263.9 -28.7 

29.72 

29.63 

216.6 

1 6.49 

171.7 0.0 

30.09 

46680.0 

1986 

SEP 

6.5 

19.16 

261.0 -0.10 

23 8.3 

80.3 

19.04 

30.2? 

274.5 

1.06 

264.0 -28.7 

29.87 

29.63 

216.6 

16.48 

171.8 0.0 

30.2? 

46690.0 

1986 

SEP 

16.5 

19.16 

261.2 -0.10 

237. 7 

80.7 

19.22 

30 .22 

274.5 

1.06 

264.0 -28.7 

30.0* 

29.63 

216.7 

16.48 

171.8 0.0 

30.34 

46700.0 

19 86 

SEP 

26.5 

19.16 

261.3 -0.10 

237.1 

80.5 

19.38 

30 .22 

274.6 

1.06 

264.1 -28.7 

30.21 

2 9. 63 

216.8 

16.47 

171.9 0.0 

30.43 

46710.0 

1986 

3CT 

6.5 

19.16 

261.4 -0. 10 

23 6.5 

80.5 

13.54 

30.22 

274.7 

1.06 

264.2 -28.7 

30.37 

29.63 

216.8 

16. 46 

172.0 0.0 

30.51 

46720.0 

1986 

oct 

16.5 

19.16 

261.5 -0.10 

235. 9 

80.5 

19.69 

30.22 

274.7 

1.06 

264.2 -28.7 

30.5* 

29.63 

216.9 

16.46 

172.0 0.0 

30.55 

46730.0 

1986 

3CT 

26.5 

19.16 

261.6 -0. 11 

235.3 

80.4 

19.83 

30.22 

274.8 

1.06 

264.3 -28.7 

30.69 

29. 63 

217.0 

16.45 

172.1 0.0 

30.58 

46740.0 

1986 

NO V 

5. 5 

19.17 

261.7 -0.11 

234. 7 

80.4 

19.94 

30 .22 

274.8 

1.06 

264.* -28.7 

30.83 

29. 62 

217.1 

16.45 

172.2 0.0 

30.57 

46750.0 

1986 

N3V 

15.5 

19.17 

2 61.9 -0.11 

234.2 

80.3 

20.04 

30 .22 

274.9 

1.05 

264.4 -28.7 

30.96 

.29. 62 

21 7.1 

16. 44 

172.2 0.0 

30.54 

& 6760 .0 

1986 

MOV 

25.5 

19.17 

262.0 -0. 1 1 

233. 5 

80.2 

23.10 

30 .22 

275.0 

1.05 

264.5 -28.7 

31.06 

29. 62 

717.2 

16. *4 

172.3 0.0 

30.48 

46770.0 

1986 

DEC 

5.5 

19.1 7 

262.1 -O.ll 

233. 1 

80.2 

23.14 

30.22 

275.0 

1.05 

264.6 -28.7 

31.13 

29.62 

217.3 

16.43 

172.4 0.0 

30.40 

46780.0 

1906 

DEC 

15.5 

19.17 

262.2 -0. 11 

232.5 

80.1 

20.16 

30.22 

275.1 

1.05 

264.6 -28.7 

31.18 

29.62 

217.3 

16.42 

172.4 0.0 

30.29 

4 6 790.0 

1986 

DEC 

25.5 

IP. 18 

262.3 -0. 11 

232.0 

80.0 

20.14 

30.22 

275.1 

1.05 

264.7 -28.7 

31.20 

29.62 

217.4 

16. 42 

172.5 0.0 

30.16 

46800.0 

1987 

JAN 

4.5 

19.18 

262.5 -0.12 

231.4 

80.0 

20.13 

30.2 2 

275.2 

1.05 

264.8 -28.7 

31.19 

29.62 

21 7.5 

16.41 

172.6 0.0 

30.02 

46810.0 

1987 

JAN 

14.5 

19.18 

262.6 -0.12 

230. 9 

79.9 

23.03 

30 .2? 

27 5 . 3 

1.05 

264.8 -28.7 

31.15 

29.62 

217.*? 

16. 40 

172.6 0.0 

29.86 

46820.0 

1987 

JAN 

24.5 

19. 1 8 

262.7 -0. 1? 

2 30.4 

79.9 

19.94 

30.22 

275.3 

1.0 4 

264.9 -28.7 

31.09 

29.62 

217.6 

16.40 

172.7 0.0 

29.70 

46830.0 

1987 

PER 

3.5 

19.10 

262.8 -0.12 

22 9.9 

79.7 

19.82 

30.22 

275.* 

1.04 

265.0 -28.7 

31.00 

29.6? 

217. 7 

16.39 

172.8 0.0 

29.53 

46840.0 

1987 

FFB 

13.5 

19.19 

262.9 -0.12 

22 9-4 

79.7 

19.68 

30.22 

275.4 

1.04 

265.0 -28.7 

30.88 

29.62 

217.8 

16.39 

172.9 0.0 

29.37 

46850.0 

1987 

FER 

23.5 

19.19 

263. 0 -0. 12 

22 8. 9 

79.5 

19.53 

30.22 

275.5 

1.04 

265.1 -26.7 

30.75 

29.61 

217. 8 

16.38 

172.9 0.0 

29.21 

46850.0 

1987 

MAR 

5.5 

19.19 

263.2 -0.13 

2 2 8. 4 

73.5 

19.37 

30.22 

275.5 

1.04 

265.2 -28.7 

30.60 

29.61 

217.9 

16.37 

173.0 0.0 

29.06 

46870.0 

1987 

MAR 

15.5 

19.19 

263.3 -0.13 

227. 9 

79.4 

13.20 

30.22 

275.6 

1.04 

265.2 -28.7 

30.43 

29.61 

218.0 

16.37 

173.1 0.0 

28.94 

46880.0 

1987 

MAR 

25.5 

19.19 

263.4 -0.13 

22 7.4 

79.4 

19.04 

30.22 

275.7 

1.03 

265.3 -28.7 

30.26 

29.61 

218.0 

16.36 

173.1 0.0 

28.83 

46890.0 

1987 

APR 

4.5 

19.19 

263.5 -0. 13 

22 7.0 

79.3 

18.87 

30.22 

275.7 

1.03 

265.4 -28.7 

30.09 

29.61 

218.1 

16.36 

173.2 0.0 

28.74 

46900.0 

1987 

APR 

14.5 

19.20 

263.6 -0.13 

22 6.5 

79.2 

18.71 

30.22 

275.8 

1.03 

265.4 -28.7 

29.9? 

29.61 

218.2 

16.35 

173.3 0.0 

28.68 

46910.0 

1987 

A 3 R 

24.5 

19.20 

263.7 -0.13 

22 6. 1 

79.1 

19.57 

30 .22 

275.8 

1.03 

265.5 -28.7 

29.76 

29.61 

21 8.3 

16.34 

173.3 0.0 

28.65 

45920.0 

1987 

MAY 

4.5 

19.20 

263.9 -0.14 

225.6 

79.3 

18.45 

30.22 

275.9 

1.0 3 

265.6 -28.7 

29.62 

29.61 

218.3 

16.34 

173.4 0.0 

28.65 

46930.0 

1987 

MAY 

14.5 

19.20 

264.0 -0.14 

22 5.2 

79.0 

18.34 

30 .22 

276.0 

1.03 

265.6 -28.7 

29.49 

2 9.61 

218.* 

16.33 

173.5 0.0 

28.67 

46940.0 

1987 

MAY 

24.5 

19.20 

264.1 -0.14 

224. 7 

73.9 

13.27 

30.22 

276.0 

1.03 

265.7 -28.7 

29.38 

29.61 

218.5 

16.32 

173.5 0.0 

28.7? 

46950.0 

1987 

JUN 

3.5 

19.21 

264.2 - 0.14 

224.3 

78. B 

18.22 

30.22 

276.1 

1.02 

265.8 -28.7 

29.29 

29.61 

210.5 

16.32 

173.6 0.0 

2R.80 

46960.0 

1987 

JUN 

13.5 

19.21 

264.3 -0. 14 

223. 9 

73.7 

13.19 

30 .22 

276. 1 

1.02 

265.8 -28.7 

29.23 

29.61 

218.6 

16. 31 

173.7 0.0 

23.90 

46970.0 

1987 

JUN 

23.5 

19.21 

264.4 -0.14 

223.5 

7B.6 

18.20 

30 .22 

276 . 2 

1-0 2 

265.9 -28.7 

29.20 

29. 60 

21 8.7 

16.30 

173.7 0.0 

29.02 

46980.0 

1987 

JUL 

3.5 

19.21 

264.6 -0.14 

223. t 

78.5 

18.24 

30.22 

276.3 

1.02 

266.0 -20.7 

29.20 

2 9. 60 

218.8 

16.30 

173.8 0.0 

29.16 

46990.0 

1987 

JUL 

13.5 

19.21 

264.7 -0.15 

222. 7 

78.5 

18.30 

30 .21 

276.3 

1.02 

266.0 -28.7 

29.23 

29.60 

218.8 

16.29 

173.9 0.0 

29.31 

47000.0 

1987 

JUL 

23.5 

19.21 

264.8 -0.15 

222. 3 

78.4 

18 .39 

30 .21 

276.4 

1.02 

266.1 -28.7 

29.28 

29.60 

218.9 

16.28 

173.9 0.0 

29.46 

470 10.0 

1987 

AUG 

2.5 

19.22 

264.9 -0. IS 

221. 9 

78.3 

18.50 

33.21 

276.4 

1.02 

266.2 -28.7 

29.37 

29.60 

219.0 

16.28 

174.0 0.0 

29.52 

47020.0 

1987 

AUG 

12.5 

19.22 

265.0 -0.15 

22 1.5 

78.2 

19.64 

30.21 

276.5 

1.01 

266.2 -28. 7 

29.47 

29.60 

219.0 

16.27 

174.1 0.0 

29.78 

47030.0 

1987 

AUG 

22. 5 

19.22 

265. 1 -0. 15 

221.1 

78.1 

18.79 

30.21 

276.6 

1.01 

266.3 -28.7 

29.60 

29.60 

219. 1 

16.26 

174.2 0.0 

29.94 

47040.0 

1987 

SE 3 

1.5 

19.22 

265.3 -0.15 

22 0. 7 

79.3 

19.95 

30.21 

276.6 

1.01 

266.4 -28.8 

29.75 

29.60 

219.2 

16.26 

174.2 0.0 

30.08 

47050.0 

1987 

SEP 

11.5 

19.22 

265.4 -0.16 

22 0.4 

77.9 

19.12 

30 .21 

276.7 

1.01 

266.4 -28.8 

29.90 

29.60 

219. 3 

16.25 

174.3 0.0 

30.21 

47060.0 

L987 

SEP 

21.5 

19.23 

265.5 -0.16 

220.0 

77.3 

19.29 

30 .21 

276.7 

1.01 

266.5 -28. B 

30.07 

29.60 

219.3 

16.24 

174.4 0.0 

30.33 

470 70.0 

1987 

OCT 

1.5 

19.23 

265.6 -0.16 

219. 6 

77.8 

19.45 

30 .21 

276.8 

1.01 

266.6 -?8.8 

30.24 

29.60 

219.4 

16.24 

174.4 0.0 

30.42 

47080.0 

1987 

OCT 

11.5 

19.23 

265.7 -0. 16 

219.3 

77.7 

19.62 

30.21 

276.8 

1.00 

266.6 -28.8 

30.41 

29. 60 

219.5 

16.2 3 

174.5 0.0 

30.49 

47090.0 

1987 

3CT 

21.5 

19.23 

265.8 -0.16 

21 8.9 

77.5 

19.77 

30.21 

276.9 

1.00 

266.7 -28.8 

30.57 

29. 60 

219.5 

16.22 

174.6 0.0 

30.53 

47100.0 

1987 

NT V 

0.5 

19.23 

266.0 -0.16 

21 8.6 

77.5 

19.90 

30 .21 

277.0 

1.00 

266.8 -28.8 

30.72 

29.60 

219.6 

16. 22 

174.6 0.0 

30.55 

47110.0 

1987 

N3V 

10.5 

19.24 

266.1 -0.16 

218. 3 

77.4 

20.02 

30 .21 

277.0 

1.00 

266.9 -28.8 

30.86 

29. 60 

219.7 

16.21 

174.7 0.0 

30.54 

47120.0 

1987 

NOV 

20.5 

19.24 

266.2 -0.17 

217.9 

77.3 

20.11 

30 .21 

277.1 

1.00 

266.9 -28.8 

30. 9R 

29.59 

219.7 

16. 20 

174.8 0.0 

30.50 

47130.0 

1987 

DEC 

0.5 

19.24 

266.3 -0.17 

217.6 

77.2 

20.17 

30 .21 

277.1 

1.00 

267.0 -28.8 

31.07 

29.59 

219.8 

16.20 

174.8 0.0 

30. *4 

47140.0 

1987 

DEC 

10.5 

19.2* 

266.4 -0.17 

217.3 

77.1 

20.21 

30.21 

277.2 

1.00 

267.1 -28.8 

31.14 

29. 59 

219.9 

16.19 

174.9 0.0 

30.35 

47150. 0 

1987 

DEC 

20.5 

19.24 

266.5 -0.17 

217. 0 

77.0 

20.23 

30 .21 

277.3 

0.99 

267.1 -28. B 

31.18 

29.59 

220.0 

16.1 8 

175.0 0.0 

30.24 

47160.0 

1987 

DEC 

30.5 

19.24 

266.7 -0.17 

216.5 

75.9 

23.21 

30.21 

277.3 

0.99 

267.2 -28.8 

31.19 

29.59 

220.0 

16.1 8 

175.0 0.0 

33.11 

67170.0 

1988 

JAN 

9. 5 

19.25 

266.8 -0.17 

21 6. 3 

75.8 

20.17 

30.21 

277.4 

0.99 

267.3 -28.8 

31. IR 

29.59 

2 20.1 

16.17 

175.1 0.0 

29.96 

47180.0 

1988 

JAN 

19.5 

19.25 

266.9 -0.18 

21 6. 0 

76.8 

20.09 

30.21 

277.4 

0.99 

267.3 -28.8 

31.13 

29.59 

220.2 

16.16 

175.? 0.0 

29.80 

47190.0 

1988 

JAN 

29.5 

19.25 

267.0 -0. 18 

21 5. 7 

75.7 

20.00 

30 .21 

277.5 

0.99 

267.4 -28. 8 

31.06 

2 9.59 

220.2 

16. 16 

175.2 0.0 

29.64 

47200.0 

1988 

FEB 

8.5 

19.25 

267.1 -0.18 

215.4 

75.5 

13.88 

30 .2 1 

277.6 

0.99 

267.5 -28.8 

30.96 

29.59 

220.3 

16.15 

175.3 0.0 

29.47 

472 10 . 0 

1988 

FFB 

18.5 

19.25 

267.2 -0.18 

215. L 

75.5 

19.75 

30 .21 

277.6 

0.90 

267.5 -28.8 

30.84 

29.59 

220.* 

16.14 

175.4 0.0 

29.31 

47220.0 

1988 

MAR 

0. 5 

19.26 

267.4 -0. 18 

214. 8 

76.4 

19.59 

30 .21 

277.7 

0.98 

267.6 -28.8 

30.70 

29.59 

220.5 

16.13 

175.5 0.0 

29. 15 

47230.0 

1988 

MAR 

9.5 

19.26 

267.5 -0. 18 

214.6 

75.3 

19.43 

30.21 

277.7 

0.9B 

267.7 -28.8 

30.55 

29.59 

220.5 

16.13 

175.5 0.0 

29.01 

47240.0 

1988 

MAR 

19.5 

19.26 

267.6 -0. 18 

214.3 

76.2 

19.27 

30 .71 

277.8 

0.98 

267.7 -28.8 

30.38 

29.59 

220.6 

16.12 

175.6 0.0 

2R.88 

472 50.0 

1988 

MAR 

29.5 

19.26 

267.7 -0.19 

21 *. 0 

75.1 

19.13 

30 .21 

277.9 

0.98 

267.8 -28.8 

30.21 

29.59 

220.7 

16.11 

1 75.7 0.0 

28.78 

*7260.0 

198P 

A 3 R 

P. K 

19.26 

267.8 -0.19 

213. 7 

75.0 

13.93 

30 .21 

277.9 

0.98 

267.9 -28.8 

30.04 

29.59 

220.7 

16. 11 

175.7 0.0 

28.70 

47270.0 

1988 

APR 

18.5 

19.26 

267.9 -0.19 

213. 5 

75.9 

1 R .78 

30 .21 

278.0 

0.98 

267.9 -28.8 

29.88 

29.59 

220.8 

16. 10 

175.8 0.0 

28.65 

47280.0 

1 98B 

APR 

28.*? 

19.27 

268.1 -0.19 

213.2 

75. R 

18.64 

30 .21 

278.0 

0.97 

268.0 -28.8 

29.72 

29.59 

220.9 

16. 09 

175.9 0.0 

28.62 

47290.0 

1988 

MAV 

8.5 

19.27 

268.2 -0.19 

212.9 

75.7 

IB. 51 

30.21 

278.1 

0.97 

268.1 -28. R 

29.57 

29. 58 

221.0 

16.08 

175.9 0.0 

20.62 
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PLANETARY EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


47300.0 

1988 

NAY 

18.5 

47310.0 

1988 

NAY 

28.5 

47320.0 

1988 

JUN 

7.5 

47 330.0 

1988 

JUN 

17.5 

47340.0 

1988 

JUN 

27.5 

47350.0 

1988 

J UL 

7.5 

47360.0 

1988 

JUL 

17.5 

47370.0 

1988 

JUL 

27.5 

47380 .0 

1988 

AUG 

6.5 

47390.0 

1988 

AUG 

16.5 

47400.0 

1988 

AUG 

26.5 

47 410.0 

1988 

SE 3 

5.5 

47420.0 

1988 

SEP 

15.5 

47430.0 

1988 

SEP 

25.5 

47440.0 

1988 

DCT 

5.5 

47450.0 

19R8 

OCT 

15.5 

47460.0 

1988 

TCT 

25.5 

47470.0 

1988 

ND V 

4.5 

47480.0 

1988 

NOV 

14. 5 

47490.0 

1988 

N3V 

24. 5 

47500.0 

1988 

DEC 

4.5 

47510.0 

1988 

OEC 

14.5 

47520.0 

1988 

DEC 

24.5 

47530.0 

1989 

JAN 

3.5 

*7540.0 

1989 

JAN 

13.5 

47550.0 

1989 

JAN 

23.5 

47560.0 

1989 

FEB 

2.5 

47570.0 

1989 

FER 

12.5 

47580.0 

1989 

FER 

22.5. 

47590.0 

1989 

MAR 

4.5 

47600.0 

1989 

MAR 

14.5 

47610.0 

1989 

MAR 

24.5 

47620.0 

1989 

APR 

3.5 

47630.0 

1989 

APR 

13.5 

47640.0 

1989 

APR 

23.5 

47650.0 

1989 

MAY 

3.5 

47660.0 

1989 

NAY 

13.5 

47670.0 

1989 

MAY 

23.5 

47680.0 

1989 

JUN 

2.5 

47690.0 

19 89 

JUN 

12.5 

47700.0 

1989 

JUN 

22.5 

47710.0 

1989 

JUL 

2.5 

47720.0 

1989 

JUL 

12.5 

47730.0 

1989 

JUL 

22. 5 

47740.0 

1989 

AUG 

1.5 

47750.0 

1989 

AUG 

11.5 

47760.0 

1989 

AUG 

2l.fi 

47770. 0 

1989 

SEP 

0.5 

47780.0 

1989 

SE® 

10.5 

4 7 790.0 

1989 

SEP 

20.* 

47800.0 

1989 

OCT 

0. 5 

47810.0 

1989 

3CT 

10.* 

47820.0 

1989 

OCT 

20.5 

47830.0 

1989 

DCT 

30.5 

47840.0 

1989 

NOV 

9.5 

47850.0 

1989 

N3V 

19.5 

47860.0 

1989 

N 3 V 

29.5 

47870.0 

1989 

DEC 

9.5 

47R30.0 

1989 

OEC 

19.5 

47890.0 

1989 

DEC 

29.5 

47900.0 

1990 

JAN 

8.5 

47910,0 

1990 

JAN 

18.5 

47920.0 

1990 

JAN 

28.* 

47930.0 

1990 

FER 

7.5 

47940.0 

1990 

FER 

17.5 

47950.0 

1990 

FFB 

27.5 

47960.0 

1990 

MAR 

9.5 

47970.0 

1990 

MAR 

19.5 

47980.0 

1990 

N AR 

29.5 

47990.0 

1990 

APR 

8.5 

48000.0 

1990 

APR 

18. 5 

48010.0 

1990 

A 3 R 

28.5 

48020.0 

1990 

MAY 

8.5 

48030.0 

1990 

MAY 

18.5 

48040.0 

1990 

MAY 

28.5 

48050.0 

1990 

JUN 

7.5 

48060,0 

1990 

JUN 

17.5 

43070.0 

1990 

JUN 

27.5 

43080.0 

1990 

JUL 

7.5 

48090.0 

1990 

JUL 

17.5 

48100.0 

1990 

JUL 

27.5 

48 110.0 

1990 

AUG 

6.5 

48120.0 

1990 

AUG 

16. 5 

4R 130.0 

1990 

AUG 

26.5 

48140.0 

1990 

SEP 

5.5 


URANUS 

* LONS LAT RAS 


19. 2 7 268.3 -0. 1 9 212.7 

19.27 26 8. A -0.19 212.4 

19.2 7 268.5 -0.20 212.2 

19.28 268.6 -0.20 21 1.9 

19.2 8 268.7 -0.20 211.7 

19.28 268. 9 -0.20 21 1.4 

19.28 269.0 -0.20 211.2 

19.28 269.1 -0.20 21 0.9 

19.28 289.2 -0.21 210. 7 

19.29 269.3 -0.21 210. 5 

19. 29 269. 4 -0. 21 21 0. I 

19.29 269.6 -0.21 210. 0 

19.29 269. 7 -0.21 209. 8 

19.29 269. 8 -0.21 2 09.6 

19.30 269.9 -0.21 209.4 

19. 30 270. 0 -0.22 209. 2 

19.30 270. 1 -0.22 2 08.9 

19.30 270.3 -0.22 208. 7 

19.30 270,4 -0.22 208.5 

19.30 270.5 -0.22 208.3 

19. 31 270. 6 -0. 22 208. 1 
19. 31 270. 7 -0.23 2 07. 9 
19. 31 270. 8 -0.23 207.7 

19.31 270.9 -0.23 207.5 

19.31 271.1 -0.23 207.3 

19.32 271.2 -0.23 207.2 
19. 32 271. 3 -0. 23 2 07. 0 

19.32 271. 4 -0.23 2 06.8 
19.3? 271. 5 -0.24 206.8 

19.32 271.6 -0.24 206.4 

19.32 271.8 -0.24 206.2 

19.33 271.9 -0. 24 2 06. I 

19.33 272.0 -0.24 205.9 

19.33 272.1 -0. 24 2 05. 7 

19.33 272.2 -0.24 205.5 

19.33 272.3 -0.25 205.4 
19. 34 272.5 -0.25 205.2 

19.34 272. 6 -0.25 2 05.0 
19.34 272.7 -0.25 2 04.9 
19.34 272. 8 -0.25 204.7 

19.34 272.9 -0.25 204.6 

19.34 273.0 -0.25 2 04.4 

19.35 273. I -0. 26 204. 3 

19.35 273.3 -0.26 204. 1 

19.35 273.4 -0. 26 203.9 

19.35 273.5 -0.26 203. 8 

19.35 273.6 ^0.26 203.6 

19.36 273. 7 -0.26 203. 5 

19.36 273.8 -0.26 203.4 
19. 36 273.9 -0.27 203.2 

19.36 274. 1 -0.27 203. 1 
19. 36 274.2 -0.27 20 2. 9 

19.36 274.3 -0.27 2 02. 8 

19.37 274.4 -0.27 202.6 
19. 37 274.5 -0.27 202. 5 

19. 37 274. 6 -0.28 202.4 

19.37 274. 8 -0.?8 202. 2 

19.37 274.9 -0.28 2 02. I 

19.38 275.0 -0.28 202.0 

19.38 275.1 -0. 28 201.8 

19.38 275. 2 -0.2 8 2 01. 7 

19.3 8 27 5. 3 -0. 2 8 2 01 . 6 

19.38 275.4 -0.29 201.5 

19.38 275.6 -0. 29 201.3 
19. 39 275.7 -0. 29 201.2 

19.39 275.8 -0.29 201. 1 

19.39 275. 9 -0. ?9 201. 3 

19.39 276.0 -0.29 200. 8 

19.39 276. I -0.29 200. 7 

19.40 276.2 -0. 30 2 00.6 

19. 4C 276.4 -0. 30 200.5 

19.40 276.5 -0. 30 2 00. 4 

19.40 276.6 -0.30 200.3 

19.40 276. 7 -0. 30 200. I 

19.40 276.8 -0.30 200.0 

19.41 276. 9 -0.30 1 99.9 

19.41 277.0 -0. 31 1 99. 8 

19.41 277.2 -0. 31 199. 7 

19.41 277.3 -0.31 199.6 

19.41 277.4 -0.31 199.5 

19. 41 277.5 -0. 31 199.4 

19.42 277.6 -0. 31 1 99. 3 
19.4? 277.7 -0.31 199.2 

19.42 277. 8 -0.32 199. I 

19.42 ? 78. 0 -0. 3? 199.0 


DECS 

CDIST 


R 

LONG 

75 

.6 

13 

.41 

33 

.21 

27 8 

.2 

75 

.5 

19 

.33 

33 

.21 

278 

.2 

75 

.4 

18 

.28 

30 

.21 

27 8 

.3 

75 

.3 

18 

.26 

30 

.21 

278 

.3 

75 

.2 

18 

.27 

30 

.21 

278 

.4 

75 

.1 

18 

.31 

30 

.21 

278 

.4 

75 

.0 

19 

.37 

33 

.21 

278 

.5 

74 

.9 

18 

.46 

33 

.21 

278 

• 6 

74 

.8 

18 

.58 

30 

.21 

27 8 

• 6 

74 

.7 

18 

.71 

30 

.21 

278 

.7 

74 

.6 

13 

.36 

33 

.21 

278 

.7 

74 

.5 

19 

.32 

33 

.21 

278 

.0 

74 

.4 

19 

.19 

30 

.21 

27 8 

.9 

74 

.3 

19 

.36 

30 

.21 

278 

.9 

74 

• 2 

19 

.53 

30 

.21 

279 

.0 

74 

.1 

19 

.69 

33 

.20 

279 

.0 

74 

.0 

19 

.3 4 

33 

.20 

279 

.1 

73 

.9 

19 

.97 

33 

.20 

279 

.2 

73 

.8 

20 

.09 

33 

.20 

279 

.2 

73 

.7 

20 

.18 

30 

.20 

279 

.3 

73 

.6 

20 

.24 

33 

.20 

279 

.3 

73 

.5 

23 

.23 

33 

.20 

279 

.4 

73 

.4 

20 

.29 

30 

.20 

279 

.5 

73 

.3 

20 

.28 

30 

.20 

279 

. 5 

73 

.2 

20 

.23 

30 

.20 

279 

.6 

73 

.1 

20 

. 16 

30 

.20 

279 

.6 

73 

.3 

23 

.36 

33 

.23 

279. 

.7 

7? 

.9 

19 

.94 

30 

.20 

279 

.7 

7? 

.3 

19 

.8 1 

30 

.20 

279 

.8 

7? 

.7 

19 

.65 

30 

.20 

279 

.9 

72 

.6 

19 

.49 

30 

.20 

279, 

.9 

7> 

,5 

19 

.33 

33 

.20 

280. 

.0 

72 

.4 

19 

.16 

30 

.20 

280 

.0 

7? 

.3 

18 

.99 

33 

.20 

280, 

, 1 

72, 

.2 

18 

.84 

30 

.20 

280, 

.2 

72 

.1 

18 

.70 

30 

.20 

280. 

.2 

11 , 

.3 

18 

.57 

30 

.20 

280, 

.3 

71, 

.9 

18 

.47 

30 

.20 

280 

.3 

71 

.8 

18 

.40 

30 

.20 

280, 

.4 

71 , 

.7 

18 

.35 

30 

.20 

280, 

.5 

71 

.6 

18 

.33 

30 

.20 

280 

.5 

u. 

.5 

18 

.34 

30 

.20 

280, 

.6 

71, 

, 4 

18, 

.37 

33 

.20 

280. 

.6 

71, 

.3 

18 

.44 

30 

.20 

280, 

.7 

71 , 

.2 

18 

.53 

33 , 

.20 

280, 

.8 

71 , 

.1 

18 

.65 

33 

.20 

280, 

.8 

71, 

.0 

13, 

.78 

30 , 

.20 

280, 

,9 

70, 

,8 

18 

.93 

30, 

.20 

280. 

,9 

70, 

.7 

1 9 , 

. 10 

30 

.20 

281. 

,0 

70, 

.6 

19, 

.27 

30 . 

.20 

28 1, 


70, 


19, 

.44 

33 

.20 

28 1, 

,1 

70, 

,4 

19, 

,63 

33 , 

.20 

28 I . 

,2 

70, 

,3 

19, 

.77 

30 , 

.20 

28 1. 

,2 

70, 

,2 

19, 

.91 

30, 

.20 

28 1. 

,3 

70. 

, l 

20, 

.05 

30. ?0 

28 1. 

,3 

73. 

,0 

23. 

.16 

33 , 

.20 

28 1. 

.4 

59, 

,9 

23 , 

,25 

33 , 

.20 

281. 

, 5 

59, 

,8 

23, 

,31 

30 . 

.20 

28 1. 

,5 

59. 

,7 

23 , 

► 35 

30, 

.20 

281 . 

,6 

69. 

,6 

20, 

.36 

33 , 

► 20 

281. 

.6 

69. 

5 

20. 

,34 

33 . 

.19 

28 1. 

,7 

69. 

4 

23. 

,29 

33 . 

,19 

281. 

8 

69. 

,3 

20. 

,22 

33 , 

.19 

281. 

8 

69. 

2 

20. 

,12 

33 , 

,19 

28 1. 

9 

69. 

1 

23. 

,30 

33 . 

,19 

281 . 

9 

69. 

,0 

19. 

.87 

33 . 

,19 

282. 

0 

63. 

3 

19. 

71 

33 . 

19 

28 2. 

l 

68. 

7 

19. 

55 

30. 

19 

28 2. 

l 

5 R . 

6 

19. 

38 

30 , 

19 

282. 

2 

68. 

5 

19. 

22 

33 . 

,19 

28 2. 

2 

58. 

A 

19. 

05 

30 . 

,19 

28 2. 

3 

S3* 

3 

13. 

90 

33 . 

19 

282. 

4 

68. 

2 

18. 

76 

33 . 

19 

282. 

4 

68. 

1 

18 . 

64 

30. 

19 

28 2. 

5 

68. 

0 

18. 

54 

33 . 

19 

28 2. 

5 

67. 

9 

18. 

46 

33 . 

19 

28 2. 

6 

67 . 

3 

13 . 

4 l 

33 . 

19 

282. 

7 

67. 

7 

18. 

39 

30. 

19 

28 2. 

7 

67. 

6 

18. 

40 

30 . 

19 

28 ?. 

8 

67. 

5 

18. 

44 

30. 

19 

282. 

8 

67. 

4 

18. 

5 1 

33 . 

19 

202. 

9 

67. 

2 

19. 

60 

33. 

19 

28 2. 

9 

67. 

1 

18. 

72 

30. 

19 

28 3. 

0 

67. 

0 

18. 

85 

30. 

19 

283. 

1 

66. 

9 

IP. 

01 

30. 

19 

283. 

l 


NEPTUNE 

LAT RAS DECS CD1ST 


0.97 268.1 -28.8 29.45 
0.97 268.2 -28.8 29.35 
0.97 268.3 -28.8 29.27 
0.97 268.3 -28.8 29.22 
0.97 268.4 -28.8 29.19 

0.96 268.5 -28.8 29.20 
0.96 268.5 -28.8 29.23 
0.96 268.6 -28.8 29.30 
0.96 268.7 -28.8 29.38 
0.96 268.7 -28.8 29.50 

0.96 268.8 - ?8 . 8 29.63 
0.95 268.9 -28.8 29.78 
0.95 268.9 -28.8 29.94 
0.95 269.0 -28.8 30.11 
0.95 269.1 -28.8 30.28 

0.95 269.1 -28.8 30.44 
0.95 269.2 -20.8 30.60 
0.94 269.3 -28.8 30.75 
0.94 269.3 -28.8 30.88 
0.94 269.4 -28.8 31.00 

0.94 269.5 -28.8 31.08 
0.94 ?69.6 -28.8 31.15 
0.94 269.6 -28.8 31.18 
0.94 269.7 -28.8 31. 18 
0.93 269.8 -28.8 31.16 

0.93 269.8 -28.8 31.11 
0.93 269.9 -28.8 31.03 
0.93 270.0 -28.8 30.92 
0.93 270.0 -28.8 30.80 
0.93 270. 1 -28. 8 30.66 

0.92 270.2 -28.8 30.50 
0.92 270.2 -28.8 30.33 
0.92 270.3 -28.8 30.16 
0.92 270.4 -28.8 ?9. 99 
0.92 270.4 -28.8 29.83 

0.92 270.5 -28.8 29.67 
0.92 270.6 -28.8 29.53 
0.91 270.6 -28.8 29.41 
0.91 270.7 -28.8 29.32 
0.91 270.R -28.8 29.24 

0.91 270.8 -28.8 29.20 
0.9 1 270.9 -28.8 29.18 
0.91 271.0 -28. R 29.20 
0.90 271.0 -28.8 29.24 
0.90 271,1 -2R.8 29.31 

0.90 271.2 -28.0 29.40 
0.90 271.2 -28.8 29.52 
0.90 271.3 -28.8 29.66 
0.90 271.4 -28.8 29.81 
0.89 27 l .4 -28.8 29.97 

0.89 271.* -28.8 30. 14 
0.89 271.6 -28.8 30.31 
0.89 271.6 -28.8 30.48 
0.89 271.7 -28.8 30.63 
D.89 271.8 -28.8 30.78 

0.89 271.9 -28.8 30.91 
0.88 271.9 -28.8 31.01 
0.88 272.0 -28. 8 31.09 
0.88 272.1 -28.8 31.15 
0.88 272.1 -28.8 31.18 

0.88 272.2 -28.8 31.17 
0.88 272.3 -28.8 31.14 
0.87 272.3-28.8 31.08 
0.87 272.4 -28.8 31.00 
0.87 272.5 -28.8 30.89 

0.87 272.5 -28.8 30.76 
0.87 272.6 -28.8 30.61 
0.87 272.7 -28.8 30.45 
0.86 272.7 -28.8 30.28 
0.86 272.8 -28.8 30.11 

0.86 272.9 - 28. 8 29. 94 
0.86 272.9 -28.8 29.78 
0.86 273.0 -28.8 29.63 
0.86 273. 1 -28. 8 29.49 
0.85 273.1 -28.8 29.38 

0.85 273.2 -28.8 29.29 
0.R5 273.3 -28.8 29.22 
0.95 273.3 -28.8 29.18 
0.85 273.4 -28.8 29.17 
0.85 273.5 -28.8 29.20 

0.85 273.5 -28.8 29.24 
0.84 273.6 -28.8 29.3? 
0.84 273.7 -28.8 29.4? 
0.84 273.7 -28.7 29.54 
0.84 273.8 -28.7 ?9.68 


PLUTO 

R LONS LAT RAS DECS CDIST 


29.58 221.0 16.08 176.0 0.0 23.65 
29.58 221.1 16. 07 176.1 0.0 28.71 
29.50 221.2 16.06 176. 1 0.0 28.79 
29.58 221.2 16. 05 176.2 0.0 28.90 
29.58 221.3 16.05 176.3 0.0 29.0? 

29. 58 221.4 16. 04 176.3. 0.0 29.16 
29.58 221.4 16. 03 176.4 0.0 29.32 
29.58 221.5 16.02 176.5 0.0 29.47 
29.58 221.6 16.0? 176.5 0.0 29.64 
29.58 221.7 16.01 176.6 0.0 29.80 

29.58 221. 7 1 6. 00 1 76.7 0.0 29.95 
29.58 221.8 15.99 176.8 0.0 30.09 
29.58 221.9 15.99 176.8 0.0 30.22 
29.58 221.9 15. 98 176.9 0.0 30.33 
29.58 222.0 15. <57 177.0 0.0 30.42 

29.58 222.1 15. 96 177.0 0.0 30.48 
29.58 222.2 15. 96 177.1 0.0 30.52 
29.58 222.2 15.95 177.2 0.0 30.53 
25.68 222.3 15.94 177. 2 0.0 30.52 
29.58 222.4 15.93 177.3 0.0 30.47 

29.58 222.4 15.93 177.4 0.0 30.40 
29.58 222. 5 15.92 177.4 0.0 30.31 
29. 58 222.6 15.91 177.5 0.0 30.19 
29.57 222.7 15. 90 177.6 0.0 30.06 
29.57 222.7 15.89 177.6 0.0 29.91 

29.57 222.8 15.89 177.7 0.0 29.75 
29.57 222.9 1 5. R8 1 77.8 0.0 29.58 
29.57 222. 9 15. 87 177.8 0.0 29.42 
29.57 223.0 1 *. 86 177.9 0.0 29.26 

29.57 223.1 16.86 178.0 0.0 29.10 

29.57 223.1 15.85 178.1 0.0 28.96 

29.57 223.2 16. 84 178. 1 0.0 2R.84 
29.57 223.3 1 5. 83 178.2 0.0 28.74 
29.57 223.4 15. 82 178.3 0.0 28.67 
29.57 223.4 15.82 178.3 0.0 28.62 

29.67 223.5 15.81 178.4 0.0 28.60 
29.57 223.6 15.80 178.5 0.0 28.61 
29.57 223.6 15. 79 178.6 0.0 28.65 
29.57 223.7 16.78 178.6 0.0 2R.71 
29.57 223.8 15.77 178.7 0.0 28.80 

29.57 223.9 15.77 178.7 0.0 28.91 
29.57 223. 9 16, 76 178.8 0.0 29.04 
29.67 224.0 15.75 178.9 0.0 29.18 
29.57 224.1 15.74 178.9 0.0 29.34 
29.57 22^. 1 16. 73 179. 0 0.0 29.50 

29.57 224.2 15. 72 179.1 0.0 29.66 
29.57 224.3 15. 72 179.1 0.0 29.8? 
29.57 224.3 16.71 179.2 0.0 29.97 
29.57 224.4 15.70 179.3 0.0 30.11 
29.57 224.5 15.69 179.4 0.0 30.23 

29.57 224.6 15.68 179.4 0.0 30.34 
29.57 224.6 15.67 179.5 0.0 30.42 
29.57 224.7 15.67 179.6 0.0 30.48 
29.57 224.8 15.66 179.6 0.0 30.52 
29.57 224.8 l * . 65 179.7 0.0 30.5? 

29.57 224. 9 15.64 179.8 0.0 30.50 
29.67 225.0 15. 63 1 79.8 0.0 30.45 
29.57 225. 1 15. 62 179.9 0.0 30.38 
29.57 225.1 15.61 180.0 0.0 30.28 
29.57 22*. 2 15.61 180.0 0.0 30.16 

29.57 225.3 15.60 180.1 0.0 30.02 
29.57 22*. 3 1*.59 180.2 0.0 29.87 
29.67 225.4 15. 58 180.2 0.0 29.71 
29.57 225.5 15. 57 180.3 0.0 29.54 
29. 57 ??5.6 l*. 56 180.4 0.0 29.38 

29.57 225.6 15. 55 1 80.5 0.0 2<».22 
29. 57 225.7 15. 54 180.5 0.0 29.07 
29.57 226.8 15.54 180.6 0.0 28.93 
29.57 22*'. 8 16. 53 1 80.7 0.0 28.82 
29.67 225.9 15.52 1 80.7 0.0 28.7? 

29.57 226.0 15.51 1 80.8 0.0 28.65 
?9.57 226.0 15.50 180.9 0.0 28.61 
29.57 226. 1 16.49 180.9 0.0 28.60 
29.57 226.2 15.48 181.0 0.0 28.61 
29.57 226.3 15.47 181.1 0.0 28.66 

29.57 226.3 15.46 181.1 0.0 28.73 
29.67 226. 4 16.46 181.2 0.0 28.82 
29.57 226.5 l*. 45 181.3 0.0 28.93 
29.57 226.5 15.44 181.3 0.0 29.07 
29.57 226.6 15.4? 181.4 0.0 2.9.21 

29. 57 226.7 15.4? 1 81.5 0.0 29.37 
29.57 ??6.7 15.41 181.5 0.0 29.53 
29.57 226.8 15.40 181.6 0.0 29.69 
29.57 226.9 15.39 181.7 0.0 29.85 
29. 57 227.0 15.38 181.8 0.0 30.00 
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URANUS 

DATE R LONG LAT RAS 


48150.0 

1990 SEP 

15.5 

19.42 278.1 -0.32 198.9 

48160.0 

1990 SEP 

25.5 

19.43 278.2 -0.32 198.8 

48170.0 

1990 OCT 5.5 

19.43 278.3 -0.32 198.7 

48180.0 

1990 OCT 

15.5 

19.43 278.4 -0.32 198.6 

48190.0 

1990 OCT 

25.5 

19.43 278.5 -0.32 198.5 

48200.0 

1990 NOV 

4.5 

19.43 278.6 -0.32 198.4 

48210.0 

1990 NOV 

14.5 

19.43 278.8 -0.33 198.3 

48220.0 

1990 NOV 

24.5 

19.44 278.9 -0.33 198.2 

48230.0 

1990 DEC 

4.5 

19.44 279.0 -0.33 198.1 

48240.0 

1990 DEC 

14.5 

19.44 279.1 -0.33 198.0 

48250.0 

1990 DEC 

24.5 

19.44 279.2 -0.33 197.9 

48260.0 

1991 JAN 

3.5 

19.44 279.3 -0.33 197.8 

48270.0 

1991 JAN 

13.5 

19.44 279.4 -0.3 3 197.7 

48280.0 

1991 JAN 

23.5 

19.45 279.6 -0.34 197.6 

48290.0 

1991 FEB 

2.5 

19.45 279. 7 -0.34 197.5 

48300.0 

1991 FEB 

12.5 

19.45 279.8 -0.34 197.4 

68310.0 

1991 FEB 

22.5 

19.45 279.9 -0.34 197.4 

48320.0 

1991 MAR 

4.5 

19.45 280.0 -0.34 197.3 

48330.0 

1991 N AR 

14. 5 

19.46 280.1 -0.34 197.2 

48340.0 

1991 BAR 

24.5 

19.46 280.2 -0.34 197.1 

48350.0 

1991 APR 

3.5 

19.46 280.4 -0. 35 197. 0 

48360.0 

1991 APR 

13.5 

19.46 280.5 -0. 35 196. 9 

48370.0 

1991 APR 

23.5 

19.46 280.6 -0.35 196.8 

48380.0 

1991 MAY 

3.5 

19.46 280.7 -0.35 196. 8 

48390.0 

1991 NAY 

13.5 

19.47 280. 8 -0.35 196. 7 

48400.0 

1991 MAY 

23.5 

19.47 280.9 -0.35 196.6 

68410.0 

1991 JUN 

2.5 

19.47 281.0 -0.35 196.5 

48420.0 

1991 JON 

12.5 

19.47 281.2 -0.36 196.4 

48630.0 

1991 JUN 

22.5 

19.47 281.3 -0.36 196.3 

68660.0 

1991 JUL 

2.5 

19.67 281.4 -0.36 196.3 

68650.0 

1991 JUL 

12.5 

19.48 281.5 -0.36 196.2 

68460.0 

1991 JUL 

22.5 

19.48 281.6 -0. 36 196. 1 

48470.0 

199 1 AUG 

1.5 

19.48 281.7 -0.36 196.0 

48480.0 

1991 AUG 

11.5 

19.48 281.8 -0.36 196.0 

48490.0 

1991 AUG 

21.5 

19.48 281.9 -0.36 195.9 

60600. 0 

1991 SFP 

0.5 

19.48 282.1 -0. 37 1 95. 8 

68^10.0 

1991 SEP 

10.5 

19.49 282.2 -0. 37 195.7 

68520.0 

1991 SEP 

20.5 

19.49 282.3 -0.37 195.7 

69530.0 

1991 OCT 

0.5 

19.49 282.4 -0. 37 195.6 

48560.0 

1991 OCT 

10.5 

19.4Q 282.5 -0. 37 195.5 

48550.0 

1991 OCT 

2 0. 5 

19.49 282.6 -0.37 195.4 

48560 . 0 

1991 OCT 

30.5 

19.49 282. 7 -0. 37 195. 4 

68570.0 

1991 NOV 

9.5 

19.50 282.9 -0. 38 195.3 

68580.0 

1991 NOV 

19.5 

19. 50 283.0 -0.38 195.2 

68590.0 

1991 NOV 

29.5 

19. 50 283. 1 -0. 38 195. 1 

68600.0 

1991 DEC 

9.5 

19.50 283.2 -0. 38 1 95.1 

68610.0 

1991 DEC 

19.5 

19.50 283.3 -0. 38 195.0 

69620.0 

1991 DEC 

29.5 

19. 51 283.4 -0. 38 1 94. 9 

68630.0 

1992 JAN 

8.5 

19.51 283.5 -0.38 194.9 

63660.0 

199? JAN 

18.5 

19. 51 283. 7 -0. 38 194. 8 

48660.0 

1992 JAN 

28.5 

19. 51 2 83. 8 -0. 39 194. 7 

68660.0 

1992 FEB 

7.5 

19.51 283.9 -0. 39 1 94. 7 

69670.0 

1992 FEB 

17.5 

19.51 284. 0 -0. 39 l 94. 6 

68680.0 

1992 FEB 

27.5 

19. 52 2 84.1 -0. 39 194.5 

63690.0 

199? m AR 

8.5 

19.5? 284.2 -0.39 194.5 

68700.0 

1992 MAR 

18.5 

19. 52 284.3 -0. 39 194.4 

48710.0 

1992 MAR 

28.5 

19.52 284.4 -0.39 194.3 

68720.0 

1992 APR 

7.5 

19.52 284.6 -0.40 194.3 

48730.0 

1992 APR 

17.5 

19.5? 284.7 -0.40 194.2 

68740.0 

1992 APR 

27.5 

19.53 284.8 -0.40 194.1 

48750.0 

1992 MAY 

7.5 

19.5 3 284.9 -0.40 194.1 

48760.0 

1992 MAY 

17.5 

19.53 285.0 -0. 40 1 94. 0 

48770.0 

1992 MAY 

27.5 

19. 53 285.1 -0.40 193. 9 

48780.0 

1992 JUN 

6.5 

19.53 285.2 -0.40 1 93.9 

68790 .0 

1992 JUN 

16.5 

19.53 285. 3 -0.40 193.8 

48800.0 

1992 JUN 

26.5 

19. 54 285. 5 -0.41 1 93. 0 

48810.0 

1992 JUL 

6.5 

19.54 285.6 -0. 41 1 93.7 

68820.0 

1992 JUL 

16.5 

19. 54 285.7 -0.41 193.6 

68830.0 

1992 JUL 

26.5 

19.54 285.8 -0.41 193.6 

68860.0 

1992 AUG 

5.5 

19.54 285.9 -0.41 193.5 

68850.0 

1992 AUG 

15.5 

19.54 286.0 -0.41 193.5 

68860.0 

1992 AUG 

25.5 

19.55 286.1 -0.41 193.4 

68870.0 

1992 SEP 

4.5 

19. 55 286.3 -0.41 193.3 

68880.0 

1992 SEP 

14.5 

19.65 286.4 -0.*2 193.3 

68890.0 

1992 SEP 

24.5 

19.55 286.6 -0.42 1 93.? 

68900.0 

1992 OCT 

4.5 

19. 55 286.6 -0.42 193.2 

68910.0 

1992 OCT 

14. 5 

19.55 286. 7 -0. 42 193. 1 

68920.0 

1992 OCT 

24.5 

19.56 286.8 -0.42 193.1 

68930.0 

1992 NOV 

3.5 

19.56 286.9 -0.42 193-0 

68940.0 

1992 NOV 

13.5 

19. 56 287. 0 -0. 42 l 92. 9 

48950.0 

1992 NOV 

23.5 

19.56 287.2 -0.43 192.9 

48960.0 

1992 DEC 

3.5 

19.56 287.3 -0.43 192.8 

48970.0 

1992 DEC 

13.5 

19.56 287.4 -0.43 192.8 

48980.0 

1992 DEC 

23.6 

19.57 287.5 -0.43 19?. 7 

48990.0 

1993 JAN 

2.5 

19.57 287.6 -0.43 192. 7 


PLANETARY EPHEHERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 

NEPTUNE 

DECS COIST R LONG LAT RAS DECS CDIST 


SS.B 19.17 33.19 283.2 0.84 273.9 -28.7 29.84 

66.7 19.34 33.19 283.2 0.84 273.9 -28.7 30.00 

66.6 19.51 30.19 283.3 0.83 274.0 -28.7 30.17 

56.5 19.58 30.19 283.4 0.83 274.1 -28.7 30.34 

65.4 19.84 30.19 283.4 0.83 274.1 -28.7 30.51 

66.3 19.99 33.19 283.5 0.83 274.2-28.7 30.66 

55.2 20.12 33.19 283.5 0.83 274.3 -28.7 30.81 

66.1 20.23 30.19 283.6 0.83 274.4 -28.7 30.93 

55.0 23.32 30.19 283.7 0.82 274.4 -28.7 31.03 

55.9 23.38 30.19 283.7 0.82 274.5 -28.7 31.10 

65.7 23.42 30.19 283.8 0.82 274.6 -28.7 31.15 

55.5 23.42 33.19 283.8 0.82 274.6 -28.7 31.17 

55.5 20.40 30.19 283.9 0.82 274.7 -28.7 31.16 

65.4 20.36 30.19 284.0 0.82 274.8 -28.7 31.12 

65.3 23.28 30.19 284.0 0.81 274.8-28.7 31.05 

55.2 20.18 33.19 284.1 0.81 274.9 -28.7 30.96 

65.1 23.35 33.19 284.1 0.81 275.0 -28.7 30.85 

65.0 1 9.92 30.19 284.2 0.8 1 2 7 5 .0 - 28 . 7 30. 71 

64.9 19.77 33.18 284.3 0.81 275.1 -28.7 30. 56 

54.8 19.61 33.18 284.3 0.81 275.2 -28.7 30.40 

64.7 19.44 30.18 284.4 0.80 275.2 -28.7 30.23 

64.6 19.27 33.18 284.4 0.80 275.3 -28.7 30.06 

54.5 19.11 30.18 284.5 0.80 275.4 -28.7 29.89 

64.3 18.96 30.18 284.5 0.80 275.4 -28. 7 29.73 

64.2 13.82 33.18 284.6 0.80 275.5 -28.7 29.58 

64.1 18.70 30.18 284.7 0.80 275.6 -28.7 29.45 

64.0 13.63 33.18 284.7 0.79 275.6 -28.7 29.34 

53.9 IB. 52 33.18 284.8 0.79 275.7 -26.7 29.26 

63.8 18.48 30.18 284.8 0.79 275.8 -28.7 29.20 

63.7 18.46 33.18 284.9 0.79 275.8 -28.7 29.17 

63.6 18.47 33.18 285.0 0.79 275.9 -28.7 29.17 

53.5 18.51 33.18 285.0 0.79 276.0 -28.7 29.20 

63.4 18.58 33 .18 285.1 0.78 276.0 -28.7 29.25 

53 .3 18.67 30.18 285.1 0.78 276.1 -28.7 29.33 

63.2 18.79 33.18 285.2 0.78 276.2 -28.7 29.44 

63.0 18.92 30.18 285.3 0.78 276.2 -28.7 29.57 

5?. 9 19.08 33.18 285.3 0.78 276.3 -28.7 29.71 

62.8 19.24 30. IB 285.4 0.78 276.4 -28.7 29.87 

62.7 19.41 30.18 285.4 0.77 276.4 -28.6 30.04 

52.6 19.58 33.18 285.5 0.77 276.5 -28.6 30.21 

62 . 5 1 9.7 5 30.18 28 5.6 0 . 77 2 7 6.6 - 28 . 6 3 0. 38 

62.4 13.91 33.18 285.6 0.77 276.6 -28.6 30.54 

62.3 20.06 30.18 285.7 0.77 276.7 -28.6 30.69 

62.2 20.19 33.18 285.7 0.77 276.8 -28.6 30.83 

52.1 23.33 33.18 288.8 0.77 276.9 -28.6 30.95 

62.0 20.39 30.18 285.9 0.76 276.9 -28.6 31.04 

51.9 23 .45 33.18 285.9 0.76 277.0 -28. 6 31.1 1 

61.7 2 0.48 30.18 28 6.0 0.7 6 27 7.1 -28 . 6 31.15 

61 .6 20.49 30.18 286.0 0.76 277.1 -28.6 31.16 

61.5 20.47 33.18 286.1 0.76 277.2 -28.6 31.14 

51 .4 20.42 33.18 286.2 0.76 277.3 -28.6 31.10 

51 .3 23.34 33 .18 286.2 0.75 277.3 -28.6 31.02 

61.2 20.24 30.18 286.3 0.75 277.4 -?8.6 30.93 

51 .1 23.12 30.18 286.3 0.75 277.5 -28.6 30.80 

61.0 19.98 30.18 286.4 0.75 277.5 -28.6 30.67 

60.9 19.83 33.18 286.4 0.75 277.6 -28.6 30.51 

60.8 19.56 33 . IB 286.5 0.75 277.7 -28.6 30.35 

60.7 19.50 30.18 286.6 0.74 277.7 -28.6 30.18 

63.6 19.33 33.18 286.6 0.74 277.8 -28.6 30.01 

50.4 19.17 30.18 286.7 0.74 277.9 -28.6 29.84 

60.3 19.31 33 .18 286.7 0.74 277.9 -28.6 29.68 

60.2 13.33 33.17 286.8 0.74 278.0 -28.6 29.54 

50.1 18.76 33.17 286.9 0.74 278.1 -28.6 29.42 

60.0 13.66 33.17 286.9 0.73 278.1 -28.6 29.31 

59.9 18.58 30.17 287.0 0.73 2 78.2 -28.6 29.23 

59.8 19.54 33.17 287.0 0.73 278. 3 -28.5 29.18 

59.7 13.52 33.17 287.1 0.73 278.3 -28.5 29.16 

59.6 18.53 30.17 287.2 0.73 278.4 -28.5 29.16 

59.5 18.57 30.17 287.2 0.73 278.5 -28.5 29. 20 

59.4 IB. 64 33.17 287.3 0.72 278.5 -28.5 29.26 

59.3 18.74 30.17 287.3 0.72 278.6 -?8.5 29.35 

59.1 13.36 33.17 287.4 0.72 278.7 -28.5 ?9.46 

59.0 18.99 33.17 287.5 0.72 278.7 -28.5 29.60 

53.9 19.15 30.17 287.5 0.72 278.8 -28.5 29.74 

58.3 19.31 33.17 287.6 0.71 278.9 -28.5 29.91 

58.7 19.48 30 .17 207.6 0.71 278.9 -28.5 30.07 

58.6 1 9.6 5 3 3.17 287.7 0.7 1 2 79.0 - 28. 8 30.24 

58.5 19.82 33.17 287.8 0.71 279.1 -28.6 30.4] 

58.4 19.98 30.17 287.8 0.71 279.1 -28.6 30.57 

53.3 23.13 33.17 287.9 0.71 279.2 -?8_5 30.72 

58.2 23.26 30.17 287.9 0.70 279.3 -28.5 30.85 

53.1 23.37 33.17 288.0 0.70 279.3 -28.5 30.96 

57.9 20.45 33.17 288.0 0.70 279.4 -28.6 31.05 

57.8 23.51 39.17 288.1 0.70 279.5 -28.5 31.11 

57.7 23.55 33.17 288.2 0.70 279.5 -28.5 31.15 


PLUTO 

R LONG LAT RAS DECS CDIST 


29. 57 227.0 15.37 1 81 . 8 0.0 30.14 
29.57 227.1 15.36 181.9 0.0 30.26 
29.57 227.2 15.35 182.0 0.0 30.36 
29.57 227.2 15.35 182.0 0.0 30.44 
29.57 227.3 15.34 182.1 0.0 30.50 

29.57 227.4 15.33 182.2 0.0 30.53 
29.57 227.5 15.32 182.2 0.0 30.53 

29.57 227.5 15.31 182.3 0.0 30.50 
29. 57 227.6 15.30 182.4 0.0 30.45 

29.58 227.7 15.29 182.4 0.0 30.37 

29.58 227. 7 15.28 182.5 0.0 30.26 
29.58 227.8 15.27 182.6 0.0 30.14 
29.58 227.9 15.26 182.6 0.0 30.00 
29.58 227.9 15.25 182.7 0.0 29.84 
29.50 228.0 15.24 182.8 0.0 29.68 

29.58 228.1 15.23 182.9 0.0 29.51 
29.58 228.2 15.22 182.9 0.0 29.35 
29.58 228.2 15.21 183.0 0.0 29.19 
29.58 228.3 15.20 183.1 0.0 29.04 
29.58 228.4 15. 19 183.1 0.0 28.91 

29.58 228.4 15.18 183.2 0.0 28.80 
29.58 228.5 15.17 183.3 0.0 28.71 
29.58 228.6 15.17 183.3 0.0 28.65 
29.58 228.6 15.16 183.4 0.0 28.61 
29.58 228.7 15.15 183.5 0.0 28.61 

29.58 228.8 15.14 183.5 0.0 28.63 
29.68 228.9 15.13 183.6 0.0 20.68 
29.58 228.9 15.12 183.7 0.0 28.75 
29.50 229.0 15.11 183.7 0.0 28.86 
29.58 229.1 15.10 183.8 0.0 28.97 

29.58 229.1 15.09 183.9 0.0 29.11 

29.58 229.2 15. 08 1R3.9 0.0 29.26 
29.68 229.3 15.07 184. 0 0.0 29.41 

29.68 229.3 16.06 184.1 0.0 29.58 

29.69 2?9.4 15. 05 184.2 0.0 29.74 

29.59 229.5 15.04 184.2 0.0 29.90 
29.59 229.6 15.03 184.3 0.0 30.05 
29.59 229.6 15.02 104.4 0.0 30.18 
29.59 229.7 15.01 184.4 0.0 30.30 
29.59 229.8 15.00 184.5 0.0 30.40 

29.59 229.8 14.99 184.6 0.0 30.47 
29.59 229.9 14. 98 184.6 0.3 30.52 
29.59 230.0 14.97 184.7 0.0 30.55 
29.59 230.0 14.96 184.8 0.0 30.54 
29.59 230.1 14.95 184.8 0.0 30.6 1 

29.59 230.2 14.94 184.9 0.0 30.45 
29.59 230.3 14. 93 1 85.0 0.0 30.36 
29.59 230.3 14.92 185.0 0.0 30.26 
29.59 230.4 14.91 185.1 0.0 30.13 

29.59 230.5 14.90 185.2 0.0 29.98 

29. 59 230.5 14.88 185.2 0.0 29.83 

29.60 230.6 1^. 87 185.3 0.0 29.66 
29.60 230.7 14. 86 185.4 0.0 29.50 
29.60 ?30.7 1^. 85 185.5 0.0 29.33 
29.60 230.8 14.84 188.5 0.0 29.18 

29. 60 230. 9 14.83 185.6 0.0 29.03 
29.60 231.0 14.82 185.7 0.0 28.91 
29.60 231.0 14.81 185.7 0.0 28.80 
29.60 231.1 14. 80 185.8 0.0 28.72 
29.60 231.2 14.79 185.9 0.0 28.66 

29.60 231.2 14. 78 1 85.9 0.0 78.63 
29.60 231.3 14. 77 186.0 0.3 28.63 
29.60 231.4 14i 76 186.1 0.0 28.66 

29.60 231.4 14.75 186.1 0.0 70.71 

79.60 231.5 14.74 186.2 0.0 28.79 

29.61 231.6 14. 73 186.3 0.0 28.90 
29.61 231.7 14. 7? 186.3 0.0 29.02 
29.61 231.7 14.71 186.4 0.0 29.16 
29.61 731.8 14.70 186.5 0.0 ?9.3l 
29.61 231.9 14.69 186.5 0.0 29.47 

29.61 231.9 14.67 186.6 0.0 29.64 

79.61 232.0 14.66 106. 7 0.0 29.80 

29.61 232.1 14.65 186.8 0.0 29.95 
29.61 232.1 14.64 186.8 0. 0 30.10 
29.61 232.2 14. 63 186.9 0.0 30.23 

29.61 232.3 14.62 187.0 0.0 30.35 

29.61 232.4 14.61 187.0 0.0 30.44 

29.62 232.4 1^.60 187.1 0.0 30.51 
29.62 232.5 14.59 187.2 0.0 30.56 
29.62 232.6 14. 58 187.2 0.0 30.57 

29.62 232.6 14.57 187.3 0.0 30.56 
29.42 232.7 14. 56 187.4 0.0 30.53 
29.62 232.8 14. 54 187.4 0.0 30.46 
29.62 232.8 14.53 187.5 0.0 30.37 
29.6? 232.9 14. 5 ? 187.6 0.0 30.26 


43 



PLANETARY EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 


EARTH JJPITER 

LONS LAT RAS DECS R LONG LAT RAS DECS CDIST 


SATURN 

LONG LAT PAS DECS CDl ST 


49000.0 1993 JAM 12.5 0.98 111.9 0.0 

49010.0 1993 JAN 22.5 0.98 122. 0 0.0 

49020.0 1993 FEB 1.5 0.99 132.2 0.0 

49030.0 1993 FEB 11.5 0.99 142.3 0.0 

49040. 0 1993 FEB 21.5 0.99 152.4 0.0 

49050.0 1993 NAT 3.5 0.99 162.5 0.0 

49060.0 1993 M AR 13.5 0.99 172.5 0.0 

49070.0 1993 MAR 23.5 1.00 182.4 0.0 

49080. 0 1993 APR 2.5 1. 00 192.3 0.0 

49090.0 1993 APR 12.5 1.00 202.1 0.0 

49100.0 1993 APT 22.5 1.01 211.9 0.0 

49110.0 1993 MAY 2.6 1.01 221.6 0.0 

49120.0 1993 MAY 12.5 1.01 231.3 0.0 

49130.0 1993 may 22.6 1.01 240.9 0.0 

49140.0 1993 J UN 1.5 1.01 250. 5 0.0 

49150.0 1993 J UN 11.5 1.02 260.1 0.0 

49160.0 1993 JUN 21.5 1.02 2 69. 7 0.0 

49170.0 1993 J UL 1.5 1.02 279.2 0.0 

49180.0 1993 JUL 11 .5 1.02 288. 7 0.0 

49190.0 1993 JUL 21 .5 1.02 298.3 0.0 

49200.0 1993 AUG 0 . > 1.02 307.8 0.0 

49210.0 1993 AUG 10,5 1.01 317.4 0.0 

49220.0 1993 AUG 20.5 1.01 327.0 0.0 

49230.0 1993 AUG 30.5 1.01 336. 7 0.0 

49240.0 1993 SEP >.5 l.Ol 346.3 0.0 

49250.0 1993 SEP 19.5 1.00 356.1 0.0 

49260.0 1993 SF? 29.5 1. 00 5. 9 0.0 

49270.0 1993 DC T 9.5 1.00 1 5. 7 0.0 

49280.0 1993 OCT 19.5 1.00 2 5. 6 0.0 

49290.0 1993 OCT 29.5 0.99 35.6 0.0 

49300.0 1993 NOV 8.5 0.99 45.6 0.0 

49310.0 1993 NDV 18.6 0.99 55.7 0.0 

49 3 20 . 0 1993 NOV 28.5 0.99 6 5. 8 0.0 

49330.0 1993 OEC 8.5 0.98 76. 9 0.0 

49340.0 1993 OEC 18.5 0.98 86. 1 0.0 


49350.0 

1993 

DEC 

28.5 

o. 9 a 

96.3 

0.0 

49360.0 

1994 

JAN 

7.5 

0.98 

106. 5 

0. 0 

49370.0 

1994 

JAN 

17.5 

0. 9 B 

116. 7 

0. 0 

49380.0 

1994 

JAN 

27.5 

0.98 

12 6.9 

0. o 

49390.0 

1994 

FEB 

6.5 

0.99 

13 7. 0 

0. 0 

49400.0 

1994 

FEB 

16.5 

0. 99 

147. 1 

0. 0 

49410.0 

1994 

FFB 

26.5 

0. 9 9 

15 7.2 

0.0 

49420. 0 

1994 

MAR 

8.5 

0.99 

167.2 

0. 0 

49 430.0 

1994 

MAR 

18.5 

1.00 

177.2 

0. 0 

49440.0 

1994 

MAR 

28.5 

1.00 

187. 1 

0. 0 

49450 .0 

1994 

APR 

7.5 

1.00 

197.0 

0. 0 

49460.0 

1994 

APT 

17.5 

1.00 

206. 8 

0. 0 

49 470. 0 

1994 

APR 

27.5 

1.01 

216. 5 

0. 0 

49480.0 

1994 

MAY 

7. 5 

1.01 

22 6. 2 

0. 0 

49490.0 

1994 

MAY 

17.5 

1 .01 

235.9 

0. 0 

49 500.0 

1994 

MAY 

27.5 

1.01 

2*5. 5 

0. 0 

49510.0 

1994 

JUN 

6.* 

1 .01 

255.1 

0. 0 

49520.0 

1994 

JUN 

16.5 

L. 02 

264. 6 

0. 0 

49 530.0 

1994 

JUN 

26.5 

1.02 

2 74.2 

0.0 

49 540.0 

1994 

JUL 

6.* 

1.0? 

283. 7 

0. 0 

49550 .0 

1994 

JUL 

16.5 

1. 02 

293. 2 

o.o 

49560.0 

1994 

JUL 

26.5 

1.02 

302. 8 

0. 0 

49570.0 

1994 

AUG 

5.5 

1.01 

312. A 

0. 0 

49580.0 

1994 

AUG 

15.5 

1.01 

3??. 0 

0. 0 

49590.0 

1994 

AUG 

25.5 

1.01 

331. 6 

0. 0 

49600.0 

1994 

SEP 

4.5 

1. 01 

341.2 

0. 0 

49610.0 

1994 

SEP 

14.6 

1. 01 

351.0 

0. 0 

49620.0 

1994 

SEP 

24.5 

1.00 

0. 7 

0. 0 

49630.0 

1994 

DC T 

4.5 

1.00 

10. 6 

0. 0 

49640.0 

1994 

DC T 

14.* 

1.00 

20.4 

0. 0 

49650.0 

1994 

1CT 

24.5 

C. 99 

3 0.4 

0. 0 

49660.0 

1994 

NOV 

3.5 

0. 9 9 

40.4 

0.0 

49670.0 

1994 

N3V 

13.5 

0.99 

5 0. 4 

0. 0 

49680.0 

1994 

NDV 

23.5 

0.99 

60. 5 

0. 0 

49690.0 

1994 

DEC 

3.5 

0.99 

70. 6 

0.0 


49700.0 1994 DEC 13. 5 C.98 80.8 0.0 

49710.0 1994 DEC 23.6 0. 98 90. 9 0.0 

49720.0 1995 JAN 2.5 0.9R 101.1 0.0 

49730.0 1995 JAN 12.5 0.98 111.3 0.0 

49740.0 1995 JAN 22.6 0.98 121.5 0.0 

49750.0 1995 FEB 1.5 0.99 131.7 0.0 

49760.0 1995 FEB 11.5 0.99 141.8 0.0 

49770.0 1995 FFB 21.5 0.99 151.9 0.0 

49780.0 1995 MAT 3.5 0.99 162.0 0.0 

49790.0 1995 MAR 13.5 0.99 172.0 0.0 

49800.0 1995 MAR 23.6 l.CC 181.9 0.0 

49810.0 1995 A*T 2.6 1.00 191.8 0.0 

49820.0 1995 A D T 12. 5 1.00 201.6 0.0 

49830.0 1995 APR 22.5 1.01 211.4 0.0 

49840.0 1995 MAY 2.5 1.01 221.1 0.0 


293.6 -21.7 5.45 183.4 1.30 226.9 -2.2 

304.3 -19.7 6.45 134. 1 1.30 227.7 -2.3 

314. 7 -17.1 5 .45 184.9 1.30 228.5 -2.3 

324. 7 -14.1 5.45 185.6 1.30 229. 2 -2.3 

334.4 -10.6 5.45 136.4 1.30 230.0 -2.3 

343.9 -6.9 5.45 187. 1 1.30 230.7 -2.4 

353. 1 -3.0 5 .45 137.9 1.30 231.5 -2.4 

2.2 1 .0 5 .45 188.6 1.30 232.2 -2.4 

11.3 4.9 5.45 189.4 1.31 233.0 -2.4 

20.5 8.6 5.45 190.2 1.31 233.7 -2.5 

29.8 12.1 5.45 190.9 1.31 234.* -2.5 

39. ? 15.3 5.45 191.7 1.30 235.3 -2.6 

48. 9 18.1 5.45 192.4 1.30 236.0 -2.5 

58.8 23.4 6 .45 193.2 1.30 236.0 -2.6 

69.0 22.0 5.45 193.9 L.30 237.5 -2.6 

79.3 23.1 5.45 194.7 1.30 238.3 -2.6 

89.6 23.4 5.45 195.4 1.30 239.0 -2.6 

100. 0 23.1 5 .45 196.2 1.30 239.8 -2.7 

110.3 22.1 5 .45 197.0 1.30 240.6 -2.7 

120.4 20.5 5.45 197.7 1.29 241.3 -2.7 

130.3 1 8.3 5.45 198.5 1.29 242. 1 -2.7 

1 39. 9 15.6 5 .45 199.2 1.29 242.8 -2.7 

149. 2 12.5 5 .45 200 .0 1.29 243.6 -2.7 

160.4 9.1 5.46 230 .7 1.28 244.3 -2.8 

167. 5 5.4 5 .45 23 1.5 1.28 246. 1 -2.8 

176. 4 1.5 5 .45 202.2 1.28 245. 8 -2.8 

1 85.4 -2.3 5 .45 233.0 1.27 246.6 -2.8 

194.5 -6.2 5.45 203.8 1.27 247.3 -2.8 

203. 8 -9.9 5 .45 204.5 1.26 248.1 -2.« 

213. 3 -13.4 5 .45 235.3 1.26 248.9 - 2.9 

223.2 -16.6 5.45 206.0 1.25 249.6 -2.9 

233./. -19.2 6.45 206.8 1.25 ?50.4 -2.9 

243.9 -21.3 5 .45 207.6 1.24 251.1 -2.9 

254.8 -22.7 5 .45 208.3 1.24 251.9 -2.9 

?65.8 -23.4 6.44 209.1 1.23 ?52.7 -2.9 

276.9 -23.3 5.44 209.8 1.23 253.4 -2.9 

287.9 -22.4 6.44 213.6 1.22 254.2 -3.0 

298.7 -20.8 6.44 211.3 1.22 254.9 -3.0 

309 . 3 -18.6 5 .44 212. 1 1.21 255 .7 -3.0 

319. 5 -15.7 5 .44 212.9 1 .20 256.4 -3.0 

329. 3 -12.5 5 .44 213.6 1.20 257. 2 -3.0 

338.9 -3.9 5.44 214.4 1.19 268.0 -3.0 

34 8 .3 5.44 216.1 1.18 258.7 -3.0 

367. 4 -1 .1 5.43 215.9 1.17 259.5 -3.0 

6.5 2.8 5 .43 216.7 1.17 260.3 -3.0 

16.7 6.7 5.43 217.4 1.16 261.0 -3.0 

24.9 13.3 6.43 218.2 1.15 261.8 -3.0 

34.2 13.7 5.43 218.9 1.14 262.5 -3.0 

43.8 16.7 5.43 219.7 1.13 263.3 -3.0 

53.6 19.? 5.43 220.5 1.13 264.1 -3.1 

63.6 21.2 5.4? 221.2 1.12 264.8 -3.1 

73.8 22.6 5.42 222.0 1.11 265.6 -3.1 

84.2 23 .3 6.42 222.8 1.10 266.4 -3.1 

94. A 23.4 5 .42 223.5 1 .09 267. 1 -3.1 

104.9 2?. 7 5.42 224.3 1.08 267.9 -3.1 

115.1 21.4 5.41 225.1 1.07 268.7 -3.1 

126.1 19.6 6.41 225.8 1.06 269.4 -3.1 

134.8 17.1 5.41 226.6 1.05 270.2 -3.1 

144. 3 14 .2 5 .41 227.4 1.04 271.0 -3.1 

153. 6 1 0.9 5 .41 228.1 1 .03 271.7 -3.1 

162. 7 7.3 5 .40 228.9 1.02 272.6 - 3.1 

171.7 3 .6 5 .40 229.7 1.0 1 273. 3 -3.1 

180.7 -0.3 6.43 230.4 0.99 274.1 -3.1 

1 89. 7 -4.2 5 .43 231.2 0 .98 274. B -3.1 

198.9 -8.0 5.40 232.0 0.97 275.6 -3.1 

208. 3 -1 1 .4 6 .39 232.7 0.96 276. A -3.0 

21R.0 -14.9 6.39 233.6 0 .9 5 277. 1 -3.0 

228. 0 -17.9 5.39 234.3 0.94 277.9 -3.0 

238.3 -23.3 5.39 235.1 0 .92 278.7 -3.0 

249.0 -22.1 6.38 236.8 0 .91 279.6 -3.0 

260. 0 -23.1 5.33 236.6 0.90 280.2 -3.0 

771.1 -23.4 5.33 237.4 0.08 28 1.0 -3.0 

282. 1 -23.0 5 .33 238.2 0 .87 281.8 -3.0 

293. 1 -21.8 5 .37 238.9 0 .86 282.6 -3.0 

303.8 -19.8 6.37 239.7 0.34 283.4 -3.0 

314. 2 -17.3 5.37 240.5 0 .83 284.1 -3.0 

374.7 -14.2 5.37 241.3 0.82 284.9 -3.0 

333.9 -10.0 6.36 242.1 0.80 285.7 -3.0 

343.4 -7.1 5 .36 242.8 0 .79 286.5 -2.9 

352.6 -3.2 *.36 243.6 0.78 287.3 -2.9 

1. 8 0.8 5 .3* 244.4 0 .76 288.0 -2.9 

10.9 4 .7 5.35 245. 2 0.75 288.8 -2.9 

20. 0 3.4 6.35 246.0 0.73 289.6 -2.9 

29.3 12.0 5.35 246.8 0.72 290.4 -2.9 

38.7 15.2 5.34 247.6 0.70 291.2 -2.9 


5.22 9.88 319.5 -1.10 148.2 14.8 10.76 

5.07 9. 88 319.8 -l.ll 148.5 14.6 10.82 

4.92 9.88 320.1 -1. 12 148. 8 14.6 10.8* 

4.78 9.88 320.5 -1.14 149.1 14.4 10.86 

4.67 9.87 320.8 -1.15 149.4 14.3 10.84 

4.57 9.87 321.1 -1. 16 149. 7 14.2 10.80 

4.50 9.87 321.4-1.17 150.0 14.0 10.73 

4.46 9.87 321.7 -1.18 150.3 13.9 10.66 

4.46 9.86 322.0 -1.20 150.6 13.8 10.63 

4.48 9.86 322.3 - 1.21 150.9 13.7 10.40 

4.53 9.86 322.6-1.22 151.2 13.5 10.26 

4.61 9.86 322.9 -1.23 151.5 13.4 10.10 

4.71 9. 85 323.3 -1.24 151.8 13.3 9.94 

4.83 9.85 3.23.6 -1. 26 1 5?. 1 13.2 9.77 

4.97 9.85 323.9 -1.27 152.4 13.1 9.61 

6.12 9.86 324.2 -1.28 152.6 12.9 9.46 

5.27 9.84 324. 5 -l. 29 l 5?. 9 12.0 9.33 

6.43 9.84 324.8 - 1.30 163.2 12.7 9.16 

5.58 9.84 325. 1 -1.31 163.6 12.6 9.04 

6.73 9.84 325.5 -1.33 163.8 12.4 8.95 


*.87 

9.83 

325.8 -1.34 

154. 1 

12.3 

8. 87 

6.00 

9.83 

326.1 -1.35 

164. 4 

1 ?.? 

3.83 

6.12 

9. 83 

326.4 -1.36 

1*6.7 

12. 1 

8.8? 

6.2? 

9. 83 

326.7 -1.37 

155.0 

11.9 

8.83 

6.30 

9.82 

327.0 -1.38 

1*5. 3 

11.8 

8.88 

6.37 

9. 82 

327.3 -1.39 

155.6 

11.7 

8.95 

6.4] 

9.8? 

327. 7 -1. 41 

155. 9 

11.5 

9.0* 

6.44 

9.82 

328. 0 -1 .*2 

155.2 

11.4 

9. 18 

6.4* 

9.R1 

328.3 - l . 63 

1 56.6 

11.3 

9.32 

6.43 

9.81 

328.6 -1.44 

156.8 

11.2 

9. 47 

6.39 

9. 81 

328.9 -1.45 

1*7. 1 

11. 0 

9,63 

6.33 

9.81 

329.2 -1.46 

1 *7.4 

10. 9 

9.80 

6.25 

9.80 

329.6 -1.47 

l 57.6 

10.8 

9.96 

6.15 

9.80 

329.9 -1.48 

157. 9 

1 0.6 

10.1? 

6.04 

9.80 

330.2 -1.49 

16 8.2 

10. 5 

10.27 

5.91 

9.80 

330.* -1.51 

158.5 

10.4 

10.40 

5.76 

9.79 

330.8 -1. 52 

158.8 

10.2 

10.52 

5.61 

9.79 

331.1 - 1. 53 

159. 1 

10. 1 

10.62 

*.4* 

9.79 

3 31.5 -1.54 

1 5 9. 4 

1 0.0 

10.69 

5.29 

9.79 

331. 8 - 1. *5 

159. 7 

9. 8 

10.74 

5.12 

9.78 

332. 1 -1 .56 

160.0 

9.7 

10.77 

4.97 

9. 78 

332.4 - 1.57 

160. 3 

9.6 

10.77 

4.83 

9.78 

332.7 - 1. 58 

160. 6 

9.4 

10.74 

4.70 

9.77 

333.0 -1.59 

160. 9 

9.3 

10.69 

4.59 

9.77 

333.4 -1.60 

161.? 

9.2 

10.62 

4.51 

9.77 

333. 7 - 1.61 

161.6 

9.0 

10.5? 

4.4 5 

9.77 

3 34.0 -1. 62 

1 6] . 7 

0.7 

10.40 

4.4? 

9.76 

334.3 -1.63 

162. 0 

8.8 

10.27 

4.43 

9.76 

334.6 -1.64 

1*2. 3 

8.6 

10. 13 

4.46 

9. 76 

336.0 -1.66 

162. 6 

8.5 

9.97 

4.5? 

9. 76 

33*. 3 -1.67 

162.9 

R.4 

9.80 

4.61 

9.76 

335. 6 -1.68 

163. 2 

8.2 

9.64 

4.71 

9.75 

336.9 -1. 69 

l 63. 5 

8.1 

9.47 

4.84 

9.7* 

336.2 -1.70 

163. 8 

7.9 

9.31 

4.98 

9.74 

336.6 -1.71 

1*4. 1 

7. 8 

9.17 

5. 12 

9. 74 

336.9 -1.72 

1*4. 4 

7.7 

9.03 

* . 2 8 

9.74 

337.2 -1. 73 

164. 7 

7.5 

8.9? 

6.43 

9.74 

337.6 -1. 74 

l 65. 0 

7.4 

8.83 

5.58 

9.73 

337.8 -1.75 

16 5.? 

7.3 

8.76 

5.73 

9.73 

338.2 -1.76 

165. 5 

7. 1 

8.73 


6.86 9.73 338.6 -1.77 166.8 7.0 8.72 

*.99 9.72 338.0 -1. 78 166.1 6.8 8.74 

6.10 9.72 339.1 -1.79 16*. 4 6.7 8.00 

6.19 9.72 339.4 -1.80 166.7 6.6 8.88 

6.27 9.72 339.8 - 1.81 167. 0 6.4 8. 98 

6.3? 9.71 340.1 -1. 81 167.3 6.3 9.1 1 

6.36 9. 71 340.4 -1.82 167. 6 6.1 9.25 

6.38 9.71 340.7 - 1.83 167. 9 6.0 9.41 

6.37 9.70 341.1 -1. 84 .168.2 5.9 9.57 

6.34 9.70 341.4 -1.85 168.5 6.7 9.74 

6.?9 9. 70 341.7 - 1.86 1 6R.7 5.6 9.90 

6.22 9.70 342.0 -1. 87 1 69. 0 6.4 ID. 06 

6.13 9.69 342.3 -1.88 169.3 5.3 10.20 

6.0? 9.69 342.7 -1. 89 169.6 5.1 10.33 

5.90 9.69 343.0 -1.90 169.9 6.0 10.44 

5.76 9.68 343.3 -1.91 170.2 4.9 10. *4 

5.61 9.68 343.6 -1.92 1 70.5 4.7 10.60 

6.46 9.68 344.0-1.93 170.8 4.6 10.6* 

5.29 9.68 344.3 - 1. 93 171. 1 4.4 10.6? 

5.13 9.67 344.6 -1.94 171.4 4.3 10.66 

4.97 9.67 344.9-1.95 171.7 4.1 10.63 

4.8? 9.67 345.3 -1. 96 172.0 4.0 10.57 

4.68 9.66 345.6 -1.97 172.3 3.9 10.49 

4.56 9.66 345.9 -1. 98 172.5 3. 7 10.39 

4.46 9.66 3*6.2 -1.99 172. 8 3.6 10.27 


44 



PLANETARY EPHEMERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


49000.0 

1993 

JAN 

12.5 

49010.0 

1993 

JAN 

22.5 

49020.0 

1993 

FEB 

1.5 

49030.0 

1993 

FEB 

11.5 

49040.0 

1993 

FEB 

21.5 

49050.0 

1993 

5 AR 

3.5 

49060.0 

1993 

M A3 

13.5 

49 070 ..0 

1993 

MAR 

23.5 

49080.0 

1993 

APR 

2.5 

49090.0 

1993 

A 5 R 

12. 5 

49100.0 

1993 

APR 

22.5 

49110.0 

1993 

MAY 

2.5 

49120.0 

1993 

MAY 

12.5 

49130.0 

1993 

MAY 

22.5 

49140.0 

1993 

JUN 

1.5 

49150.0 

1993 

JUN 

11.5 

49160.0 

1993 

JUN 

21.5 

49170.0 

1993 

JUL 

1.5 

49180.0 

1993 

JUL 

11.5 

49190.0 

1993 

JUL 

21.5 

49200.0 

1993 

AUG 

0.5 

49210.0 

1993 

AUG 

10.5 

49220.0 

1993 

AUG 

20.5 

49230.0 

1993 

AUG 

30.5 

49240.0 

1993 

SEP 

9,5 

49 250.0 

1993 

SEP 

19.5 

49 260.0 

1993 

SEP 

29.5 

49270.0 

1993 

OCT 

9.5 

49280.0 

1993 

OCT 

19.5 

49290.0 

1993 

OCT 

29.5 

49300.0 

1993 

NOV 

8.5 

49310.0 

1993 

NOV 

18.5 

49320.0 

1993 

NOV 

28.5 

49330.0 

1993 

DEC 

8.5 

49340.0 

1993 

DEC 

18.5 

49 350.0 

1993 

DEC 

28.5 

49360.0 

1994 

JAN 

7.5 

49370.0 

1994 

JAN 

17.5 

49380.0 

1994 

JAN 

2 7.5 

49390.0 

1994 

FEB 

6.5 

49400.0 

1994 

FEB 

16.5 

49410.0 

1994 

FEB 

26.5 

49420.0 

1994 

MAR 

8.8 

49430.0 

1994 

MAR 

18.5 

49440.0 

1994 

MAR 

28.5 

49450.0 

1994 

APR 

7.5 

49460.0 

1994 

A 3 R 

17.5 

49470.0 

1994 

APR 

27.5 

49480.0 

1994 

MAY 

7.5 

49490.0 

1994 

MAY 

17.5 

49500.0 

1994 

MAY 

27.5 

49510.0 

1994 

JUN 

6.5 

49520.0 

1994 

JUN 

16.5 

49530.0 

1994 

JUN 

26.5 

49540. 0 

1994 

JUL 

6.5 

49550.0 

1994 

JUL 

16.5 

49560.0 

1994 

JUL 

26. 5 

49570.0 

1994 

AUG 

5.5 

49580.0 

1994 

AUG 

15.5 

49590.0 

1994 

AUG 

25.8 

49600.0 

1994 

SEP 

4.5 

49610.0 

1994 

SE 3 

14.5 

49620.0 

1994 

SEP 

24.* 

49630.0 

1994 

OCT 

4.5 

49640.0 

1994 

OCT 

14.5 

49650.0 

1994 

OCT 

24.5 

49660.0 

1994 

NOV 

3.5 

49670 .0 

1994 

NOV 

13. 5 

49680 .0 

1994 

NOV 

23.5 

49690.0 

1994 

DEC 

3.5 

49700.0 

1994 

DEC 

1 3. 5 

49710.0 

1994 

DEC 

23.5 

49720.0 

1995 

JAN 

2. 5 

49730.0 

1995 

JAN 

12.5 

49740.0 

1995 

JAN 

22.5 

49 750.0 

1995 

FEB 

1.5 

49760.0 

1995 

FEB 

11.5 

49770.0 

1995 

FEB 

21. 5 

49780.0 

1995 

MAR 

3.5 

49790.0 

1995 

MAR 

13.5 

49800.0 

1995 

MAR 

23.5 

49810.0 

1995 

A 3 R 

2. 5 

49820.0 

1995 

A 3 R 

12.5 

49830.0 

1995 

A=>R 

22.5 

49840.0 

1995 

MAY 

2.5 


URANUS NEPTUNE PLUTO 


R 

LONG 

LAT 

RAS 

DECS 

CD 

1ST 


R 

LONG 

L 

AT 

RAS 

DECS 

CD 
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0. 

59 

283. 

,8 

-28. 

1 

29. 

97 

? 9. 70 

237.3 

13. 

78 

191. 

9 

0.0 

30. 

37 

19.67 

294. 

9 

-0. 51 

1 89. 

7 

50. 

7 

17. 

,62 

33 . 

.15 

29 2. 

0 

0. 

59 

283. 

,9 

-28. 

1 

30. 

14 

29.70 

237.4 

13. 

77 

192. 

0 

0.0 

30. 

48 

19.67 

295. 

0 

-0. 51 

189. 

7 

50. 

,5 

19. 

,79 

33 . 

.15 

292. 

l 

0. 

59 

2 84. 

0 

-28. 

1 

30. 

31 

29.70 

237.5 

13. 

76 

192. 

1 

0.0 

30. 

,56 

19.67 

295. 
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-0. 51 

1 89. 

6 
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4 

17. 

96 

3) . 

,15 

29?. 

1 

0. 

58 

284. 

0 

-28. 

1 
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48 

29. 70 

237.6 

13. 

74 

192. 
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0.0 

30. 

63 

19.67 

295. 
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-0. 51 

1 89. 

6 

50. 

3 

20. 

,12 

33 . 
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292. 
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0. 

58 

?84. 

1 

-28. 

1 

30. 

63 

29.70 

237.6 

13. 

73 

192. 

2 
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66 

19. 68 

295. 

3 

-0. 51 

1 89. 

6 

50, 

,2 

23. 

26 

.30 . 

15 

292. 

3 

0. 

58 

284. 

2 

-28. 

1 

30. 

77 

29. 71 

237.7 

13. 

72 

192. 

3 

0.0 

30. 

66 

19. 68 

2 9 5. 

4 

-0. 51 

1 89. 

5 

53 . 

1 

23. 

37 

33 . 

15 

292. 

3 

0. 

58 

28 4. 

2 

- 28. 

1 

30. 

89 

29.71 

237. 8 

13. 

71 

192. 

3 

3.3 

30. 

64 

19.68 

295. 

6 

-0. 51 

1 89. 

5 

50. 

0 

23 . 

53 

33 . 

,15 

292. 

,4 

0. 

58 

284. 

3 

-2 8. 

0 

30. 

99 

29.71 

237.8 

1 3. 

69 

192. 

4 

0.0 

30. 

59 

19.68 

295. 

7 

-0. 5? 

1 89. 

5 

47. 

7 

23 . 

53 

33. 

15 

29?. 

4 

0. 

57 

284. 

4 

-28. 

0 

31. 

07 

29.71 

237.9 

13. 

68 

192. 

5 

0.0 

30 . 

52 

19.68 

295. 

8 

-0. 52 

18 9. 

4 

49. 

8 

20. 

64 

30 . 

15 

292. 

5 

0. 

57 

284. 

4 

-28. 

0 

31. 

12 

29.71 

238.0 

13. 

67 

192. 

5 

0.0 

30. 

42 

19.68 

295. 

9 

-0. 52 

189. 

4 

49. 

7 

23. 

66 

33 . 

15 

29?. 

6 

0. 

57 

284. 

5 

-28. 

0 

31. 

13 

29.71 

238.0 

13. 

66 

19?. 

6 

0.0 

30. 

29 

19. 69 

296. 

0 

-0. 52 

189. 
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49. 

6 

20. 

67 

33 . 

15 

292. 

6 

0. 

57 

284. 

6 
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0 

31. 

l? 

29. 71 

238. 1 

13. 

65 

192. 

7 

0.0 

30. 

16 

19. 69 

2 96. 

l 

-0. 52 

1 89. 

3 

49. 

5 

20. 

64 

33 . 

15 

29 2. 

7 

0. 

57 

2 84. 

6 

-28. 

0 

31. 

OR 

29. 7? 

238.2 

13. 

63 

192. 

7 

0.0 

30. 

00 

19.69 

296. 

2 

-0. 5? 

1 89. 

3 

4 9. 

3 

20. 

53 

33 . 

15 

292. 

7 

0. 

57 

284. 

7 

-28. 

0 

31. 

02 

29.72 

238.2 

13. 

62 

192. 

8 

0.0 

29. 

94 

19. 69 

296. 

3 

-0. 52 

1 89. 

2 

49. 

2 

20. 

50 

33 . 

15 

292. 

8 

0. 

56 

284. 

8 

-28. 

0 

30. 

92 

29. 72 

238.3 

13. 

61 

192. 

9 

0.0 

29. 

68 

19.69 

296. 

4 

-0. 52 

1 89. 

2 

49. 

1 

23. 

40 

33 . 

15 

292. 

9 

0. 

56 

284. 

8 
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30. 
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1 93. 
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1 89. 
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13 
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0. 

56 
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planetary ephemeris 

HELIOCENTRIC ECLIPTIC COORDINATES 



DATE 


EARTH 

R LONS LAT 

RAS 

DECS 

R LONG 

JUPITER 

LAT RAS OECS CDIST 

49850.0 

49860.0 

49870.0 

49880.0 

49890.0 

1995 HAY 
1995 HAY 
1995 JUN 
1995 JUN 
1995 JUN 

12.5 

22.5 
1.5 

11.5 

21.5 

1.01 230.8 
1.01 240.4 

1.01 250.0 

1.02 259.6 
1.02 269.2 

0. 0 
0. 0 
0.0 
0.0 
0.0 

48.4 

58.3 

68.4 
78.7 
89.1 

13. D 
23.3 
22.0 

23.3 

23.4 

5.34 248.3 
5.34 249.1 
5.33 249.9 
5.33 250.7 
5.33 251.5 

0.69 292.0 -2.8 

0.67 292.8 -2.8 

0.66 293.6 -2.8 

0.64294.4 -2.8 

0.62 295.1 -2.8 

4.39 

4.34 

4.32 

4.33 
4.37 

49900.0 

49910.0 

49920.0 

49930.0 

49940.0 

1995 JUL 
1995 JUL 
1995 JUL 
1995 AUG 
1995 AUG 

1.5 

11.5 

21.5 
0.5 

10.5 

1.02 2 78. 7 
1.02 288.2 
1.02 297.8 
1.02 307.3 
1.01 316.9 

0.0 
0. 0 
0.0 
0. 0 
0. 0 

99.5 

109.9 

119.9 
129.8 
13 9.4 

23.2 

22.2 
20.6 
19.4 
15.9 

5.32 252.3 
5.32 253.1 
5.32 253.9 
5.32 254.7 
5.31 255.5 

0.61 295.9 -2.8 

0 .59 296.7 -2.7 

0.58 297.5 -2.7 

0.56 298.3 -2.7 

0.54 299.1 -2.7 

4.44 

4.53 

4.64 

4.77 

4.91 

49950.0 

49960.0 

49970.0 

49980.0 

49990.0 

1995 AUG 
1995 AUG 
1995 SEP 
1995 SEP 
1995 SEP 

2Q.5 

30.5 
9.5 

19.5 

29.5 

1.01 32 6.5 

1.01 336.2 

1.01 345.8 
1.00 355.6 
1.00 5.4 

0.0 
0. 0 
0.0 
0. 0 
0. 0 

148. 8 
157.9 

167.0 
176. 0 

185.0 

12.7 

3.2 

5.5 

1.7 

-2.1 

5.31 256.3 
5.31 257.1 
5.30 257.9 
5.30 258.7 
5.30 259.5 

0.53 299.9 -2.7 

0.51 300.7 -2.6 

0.49 301.5 -2-6 

0.48 302.3 -2.6 

0.46 303.1 -2-6 

5.06 

5.21 

5.36 

5.51 

5.65 

50000.0 

50010.0 

50020.0 

50030.0 

50040.0 

1995 OCT 
1995 3CT 
1995 OCT 
1995 NOV 
1995 NOV 

9.5 

19.5 

29.5 

8.5 

18.5 

1.00 15.2 

1.00 25.1 

0.99 35.1 

0.99 45.1 

0.99 55.2 

0.0 
0. 0 
0. 0 
0.0 
0.0 

194.0 
2 03.3 
212.8 
222. 7 
232. 8 

-6.0 

-9.7 

-13.2 

-16.4 

-19.1 

5.29 260.3 
5.29 261.1 
5.29 26 1.9 
5 .28 262.7 
5.28 263.5 

0.44 303.9 -2.5 

0.42 304.7 -2-5 

0.41 305.5 -2.5 

0.39 306.3 -2.5 

0.37 307.1 -2.4 

5.79 

5.91 

6.01 

6.10 

6.17 

50050.0 

50060.0 

50070.0 

50080.0 

50090. 0 

1995 NOV 
199 5 DEC 
1995 DEC 

1995 OEC 

1996 JAN 

28.5 

8.5 

18.5 

28.5 

7.5 

0.99 65.3 

0.99 75.4 

0.98 85.6 

0.98 95. B 

0.98 106.0 

0.0 
0.0 
0. 0 
0.0 
0.0 

243.4 

254.2 

265.2 

276.3 

287.3 

-21.2 

-22.7 

-23.4 

-23.3 

-22.5 

5.28 264.3 
5.27 265.1 
5.27 265.9 
5.27 266.7 
5.26 267.5 

0.35 307.9 -2.4 

0.34 308.7 -2.4 

0.32 309.6 -2.4 

0.30 310.4 -2.3 

0.28 311.2 -2.3 

6.22 

6.25 

6.25 

6.24 

6.20 

50100.0 

50110. 0 

50120.0 

50130.0 

50140. 0 

1996 JAN 
1996 JAN 
1996 FEB 
1996 FEB 
1996 FEB 

17.5 

27.5 
6.5 

16.5 

26.5 

0.98 116.2 
0.98 126.3 
0.99 136.5 
0.99 146.6 
0.99 156.7 

0.0 
0. 0 
0. 0 
0.0 
0. 0 

298.2 
3 08.7 
319. 0 

32 8.8 

33 R. 4 

-20.9 

-19.7 

-15.9 

-12.6 

-9.1 

5.26 268.3 
5.25 269.1 
5.25 270.0 
5.25 270.8 
5.24 271.6 

0.27 312.0 -2.3 

0.25 312.8 -2.3 

0.23 313.6 -2.2 

0.21 314.4 -2.2 

0.19 315.2 -2.2 

6.15 

6.07 

5.97 

5.86 

5.73 

50150.0 

50160.0 

50170.0 

50180.0 

50190.0 

1996 MAR 
1996 MAR 
1996 MAR 
1996 APR 
1996 APR 

7.5 

17.5 

27.5 

6.5 

16.5 

0.99 166.7 
1.00 176.7 
1.00 186.6 
1.00 196.5 
1.00 206.3 

0.0 
0. 0 
0. 0 
0.0 
0. 0 

347.8 
357. 0 
6.1 
15.2 
2 4.4 

-5.2 

-1.3 

2.5 

4.5 
10.2 

5.24 272.4 
5.24 273.2 
5.23 274.0 
5.23 274.9 
5.23 275.7 

0.17 316.1 -2.1 

0.16 316.9 -2.1 

0.14 317.7 -2.1 

0.12 318.5 -2.0 

0.10 319.3 -2.0 

5.59 

5.44 

5.28 

5.12 

4.96 

50200.0 

50210.0 

50220.0 

50230.0 

50240.0 

1996 APR 
1996 MAY 
1996 MAY 
1996 MAY 
; 1 996 JUN 

26.5 

6.5 

16.5 

26.5 

5.5 

1.01 216.0 
1.01 225.7 
1.01 235.4 
1.01 245.0 
1.01 254.6 

0.0 
0. 0 
0. 0 
0.0 
0. 0 

33.7 

43.3 

53.1 

63.1 

73.3 

13.5 

16.5 

19.1 

21 .1 

22.6 

5.22 276.5 
5.22 277.3 
5.21 278-? 
5.21 279.0 
5.21 279.8 

0.08 320.2 -2.0 

0.06 321.0 -1.9 

0.04 321-8 -1.9 

0.02 322.6 -1.9 

0.01 323.5 -1.8 

4.81 

4.66 

4.52 

4.41 

4.31 

50250.0 

50260.0 
50 270 . 0 

50280.0 

50290.0 

1996 JUN 
1996 JUN 
1996 J m 
1996 JUL 
1996 JUL 

15.5 

25.5 
5.5 

!5.5 

25.5 

1.02 264.1 
1.02 2 73. 7 
1.02 283.2 
1.02 292.8 
1.02 302.3 

0. 0 
0.0 
0. 0 
0.0 
0. 0 

83.6 
94. 3 
104.4 

114.6 

124.6 

23.3 

23.4 
22.8 
21 .5 
19.7 

5.20 280.6 
5.20 281.5 
5.20 202.3 
5.19 283.1 
5.19 284.0 

-0.01 324.3 -1.8 

-0.03 325.1 -1.8 

-0.05 326.0 -1.7 

-0.07 326.8 -1.7 

-0.09 327.6 -1.6 

4.24 

4.20 

4.18 

4.19 
4.24 


50300.0 

50310.0 

60320.0 

50330.0 

50340.0 

1996 AUG 
1996 AUG 
1996 AUG 
1996 SEP 
1996 SEP 

4.5 

14.5 

24.5 

3.5 

13.5 

1.01 

1.01 

1.01 

1.01 

1.01 

311.9 
321. 5 
331.1 
340.7 
350.5 

0. 0 
0. 0 
0. 0 
0.0 
0. 0 

134.3 
143.9 
153.1 

162.3 

171.3 

17.2 
14.4 
11 .1 
7.5 
3.8 

5.19 
5. IB 
5. IB 
5.17 
5.17 

284.8 -0.11 
235.6 -0.13 
286.5 -0.15 
237.3 -0.17 
288.2 -0.18 

328.5 
329.3 
330. 1 
331.0 
331.8 

-1.6 

-1.6 

-1-5 

-1.5 

-1.4 

4.31 

4.40 

4.51 

4.65 

4.79 

50350.0 

50360.0 

50370.0 

50380.0 

50390.0 

1996 SEP 
1996 3CT 
1996 OCT 
1996 OCT 
1996 NOV 

23.5 

3.5 

13.5 

23.5 

2.5 

l.OC 

1.00 

woo 

0.99 

0.99 

0.2 
10. 0 

19.9 

29.9 
39,8 

0.0 
0. 0 
0.0 
0. 0 
0.0 

1 80. ? 
189.2 

198.4 
207. B 

217.5 

-0.1 

-4.0 

-7.8 

-11.4 

-14.8 

5.17 
5.16 
5 .16 
5.16 
5.15 

239.0 -0.20 
23 9.8 -0.22 
290.7 -0.24 
291.5 -0.26 
292.4 -0.28 

332.6 

333.5 

334.3 

335.2 

336.0 

- 1.4 
-1.4 
-1.3 
-1.3 
-1.2 

4.94 

5.09 

5.24 

5.39 

5.53 

50400.0 

50410.0 

50420.0 
504 30.0 

50440.0 

1996 N3V 
1996 N3V 
1996 OEC 
1996 OEC 
1996 OEC 

12.5 

22.5 
2.5 

12.5 

22.5 

0. 99 
0.99 
0.99 
0.98 
0.98 

49.9 
60.0 
70. 1 
80.2 
90.4 

0.0 

0.0 

0.0 

0.0 

0.0 

22 7.5 
237.8 

248.5 
25 9. 4 

270.5 

-17.7 

-20.2 

-22.0 

-23.1 

-23.4 

5.15 
5.15 
5 .14 
5.14 
5.13 

293.2 -0.30 
294.1 -0.32 
294.9 -0.33 
295.8 -0.35 
296.6 -0.37 

336.9 

337.7 

338.6 

339.4 

340.3 

-1.2 

-1.2 

-1.1 

-1.1 

-1.0 

5.66 

5.78 

5.88 

5.97 

6.03 

50450.0 
50 A 60. 0 
50^70.0 

50480.0 

50490.0 

199 7 JAN 
1997 JAN 
1997 JAN 
1997 FER 
1997 FEB 

1.5 

11.5 

21.5 
0.5 

10.5 

0.98 

0.98 

0.98 

0.99 

0.99 

100.6 
no. 8 
121.0 

131.2 

141.3 

0. 0 
0. 0 
0. o 
0.0 
0. 0 

281.4 

292.5 
3 03.2 
313. 6 
323. 7 

-23.0 

-21.8 

-19.9 

-17.4 

-14.4 

5.13 

5.13 

5.12 

5.12 

5.12 

297.5 -0.39 
298.3 -0.41 
299.2 -0.43 
300.0 -0.45 
300.9 -0.46 

341.1 

342.0 

342.8 

343.7 

344.5 

-WO 

-1.0 

-0.9 

-0.9 

-0.8 

6.08 

6.10 

6.11 

6.09 

6.05 

50500.0 

50510.0 
50 520.0 

50530.0 

50540.0 

1997 FEB 
1997 MAR 
1997 MAR 
1997 MAR 
1997 APR 

20.5 

2.5 

12.5 

22.5 

1.5 

0.99 
0. 99 
0.99 
1.00 
woo 

151.4 

161.4 

171.4 

181.4 
191.3 

0. 0 
0. 0 
0. 0 
0.0 
0. 0 

333.4 
342. 9 
352.2 
1.3 
10.4 

-11.0 

-7.3 

-3.4 

0.6 

4.5 

5.11 

5.11 

5.11 

5.10 

5.10 

301.7 -0.48 
30 2.6 -0.50 
303.5 -0.52 
304.3 -0.54 
305.2 -0.55 

345.4 
346.2 
347. 1 
348.0 
348.8 

-0.8 

-0.7 

-0.7 

-0.6 

-0.6 

5.99 

5.92 

5.82 

5.71 

5.58 

60550.0 
*0560.0 

50570.0 

50580.0 
50*90.0 

1997 APR 
1997 APR 
1997 MAY 
1997 MAY 
1997 MAY 

11.5 

21.5 
1.5 

11.5 

21.5 

l.OC 

1.01 

WOl 

W01 

1.01 

201 • 1 
210.9 
220.6 
230.3 
240.0 

0.0 
0. 0 
0.0 
0.0 
0.0 

19.5 
28.8 
3 8.2 
47.9 
57.8 

8.3 
11 .8 
15.0 
17.8 
2 0.2 

5.10 
5.09 
5.09 
5.09 
5 .08 

306. 1 -0.57 
30 6.9 -0.59 
307.8 -0.61 
308.7 -0.63 
339.5 -0.64 

349.7 

350.6 

351.4 

352.3 

353.2 

-0.5 

-0.5 

-0.5 

-0.4 

-0.4 

5.44 

5.29 

5.14 

4.98 

4.82 

50600.0 

50610.0 

50620.0 

50630.0 

50640.0 

1997 JUN 
1997 JUN 
1997 JUN 
1997 JUL 
1997 JUL 

0.5 

10.5 

20.5 
0.5 

10.5 

1.01 

1.02 

1.02 

1.02 

1.02 

249.6 

25 9.1 

26 8. 7 
?78.2 
2 87.7 

o.o 
0. 0 
0. 0 
0.0 
0. 0 

67.9 
78.2 
88.6 
99-0 
109. 3 

21.9 

23.0 

23.4 

23.? 

22.3 

5. OB 
5.08 
5 .07 
5.07 
5.07 

310.4 -0.66 
311.3 -0.68 
312.1 -0.69 
313.0 -0.71 
313.9 -0.73 

354.0 

354.9 

355.8 

356.6 

357.5 

-0.3 

-0.3 

-0.2 

-0.2 

-0.1 

4.67 
4. S3 
4.39 
4.27 
4.18 

60650.0 
60 660.0 

50670.0 

50680.0 
50690.0 

1997 JUL 
1997 JUL 
1997 AUG 
1997 AUG 
1997 AUG 

20.5 

30.5 
9.5 

19.5 

29.5 

1. 02 
1.02 
1.01 
WOl 
1.01 

297.3 
306. 8 

316.4 
326. 0 
335.7 

0. 0 
0.0 
0. 0 
0. 0 
0. 0 

119.4 

129.3 

13 8.9 

14 8.3 

15 7.5 

20.7 
18.5 
15.9 

12.8 
9.4 

5.06 

5.06 

5.05 

5.05 

5.05 

314.8 -0.74 
315.6 -0.76 
316.5 -0.78 
317.4 -0.79 
318.3 -0.81 

358.4 
359.3 
0. 1 
1.0 
1.9 

-0.1 

- 0.0 

0.0 

0.1 

0.1 

4.11 

4.06 

4.04 

4.06 

4.10 


SATURN 

R LONS LAT RAS OECS CDIST 


9.65 346.6 

9.65 346.9 
9.65 347.? 
9.65 347.5 
9.64 347.9 

9.64 348.2 
9.64 348.5 
9.63 348.9 
9.63 349.2 
9.63 349.5 

9.62 349.8 
9.62 350.2 
9.62 350.5 
9.62 350.8 
9.61 351.2 

9.61 351.5 
9.61 351.8 
9.60 352.1 
9.60 352.5 
9.60 352.8 

9.59 353.1 
9.59 353.5 
9.59 353.8 
9.58 354.1 
9.58 354.5 

9.58 354.8 
9.58 355.1 
9.57 355.5 
9.57 365.8 
9.67 356.1 

9.56 356.4 
9.56 356.8 
9.56 357.1 
9.55 357.4 
9.55 357.8 

9.55 358.1 
9.54 358.4 
9.54 358.8 
9.54 359.1 
9.54 359.4 

9.53 359.8 
9.53 0.1 
9.53 0.5 
9.52 0.8 
9.52 l.l 

9.52 t-5 
9.51 1.8 
9.51 2.1 
9.51 2.5 
9.50 2.3 

9.50 3.1 
9.50 3.5 
9.49 3.8 
9.49 4.2 
9.49 4.5 

9.49 4.8 
9.48 5.2 
9.48 5.5 
9.48 5.8 
9.47 6.2 

9.47 6.5 

9.47 6.9 
9.46 7.2 
9.46 7.5 
9.46 7.9 

9.45 8.2 
9.45 8.6 
9.45 8.9 

9.48 9.2 
9.44 9.6 

9.44 9.9 
9.44 10.3 
9.43 10.6 
9.43 11.0 
9.43 11.3 

9.42 11.6 
9.42 12.0 
9.42 12.3 
9.41 12.7 
9.41 13.0 

9.41 13.4 
9.41 13.7 
9.40 14.0 
9.40 14.4 
9.40 14.7 


-2.00 173.1 
-2.00 173.4 
-2.01 173.7 
-2.02 174.0 
-2.03 174.3 

-2.04 174.6 
-2.05 174.9 
-2.05 175.2 
-2.06 175.5 


-2.08 176.1 
-2.09 176.4 
-2.09 176.7 
-2.10 176.9 
-2.11 177.2 

-2.12 177.5 
-2.12 177. 8 
-2.13 178.1 
-2.14 178.4 
-2.15 178.7 

-2.15 179.0 
-2.16 179.3 
-2.17 179.6 
-2.17 179.9 
-2.18 180.2 

-2.19 1 80.5 
-2.19 180.8 
-2.20 181.1 
-2.21 181.4 
-2.22 181.7 

-2. 22 1 82.0 
-2.23 1 82.3 
-2.23 182.6 
-2.24 182.9 
-2.25 183.2 

-2.25 183.5 
-7.26 183.3 
-2.27 184.1 
-2.27 184.4 
-2.28 184.7 

-2.28 185.0 
-2.2 9 185.3 
-2.2 9 1 85.6 
-2.30 185.9 
-2.31 186.2 

-2.31 186.5 
-2.3? 186.8 
-2.32 1 87.1 
-2.33 187.4 
-2.33 187.7 

-2.34 188.0 
-2.34 188.3 
-2.35 188.6 
-2-35 188.9 
-2.36 189.2 

-2.36 189.5 
-2.37 189.8 
-2.37 190.1 
-2.38 190.4 
-2.38 190.7 

-2.3 8 191.0 
-2.39 191.3 
-2.39 191.6 
-2.40 191.9 
-2.40 192.2 

-2.40 192.5 
-2.41 192.9 
-2.41 193.2 
-2.42 193.5 
-2.42 193.8 

-2.42 194.1 
-2.43 194.4 
-2.43 194.7 
-2.43 195.0 
-2.44 195.3 

-2.44 195.6 
-2.44 196.0 
-2.44 196.3 
-2.45 196.6 
-2.45 196.9 

-2.45 197.2 
-2.46 197.5 
-2.46 197.8 
-2.46 198.2 
-2.46 198.5 


3.4 10.13 

3.3 

9.99 

3.1 

9. 83 

3.0 

9.66 

2.8 

9.50 

2.7 

9.33 

2.5 

9.13 

2.4 

9.03 

2.3 

8.90 

2.1 

8.79 

2-0 

8.71 

1.8 

S.65 

1.7 

8.6? 

1.5 

8.62 

1.4 

8.65 

1.2 

8.70 

1.1 

8.79 

0.9 

8.90 

0.8 

9.03 

0.6 

9.18 

0.5 

9.34 

0.3 

9.50 

0.2 

9.67 

0.1 

9.83 

-0.1 

9.98 

-0.2 

10.13 

-0.4 

10.25 

-0.5 

10.36 

-0.7 

10. 4^ 

-0.8 

10.50 

-wo 

10.54 

-l.i 

10.55 

-1.3 

10.54 

-1.4 

10.50 

-1.6 

10.44 

-1.7 

10.36 

-1.9 

10.26 

-2.0 

10.13 

-2.2 

9.99 

-2.3 

9.84 

-2.5 

9.68 

-2.6 

9.52 

-2.8 

9.35 

-2.9 

9.19 

-3.1 

9.04 


-3.2 8.89 

-3.4 3.77 

-3.5 8.66 


-3.7 

8.58 

-3.8 

8.53 

-4.0 

8.50 

-4. 1 

8.51 

-4.3 

8.54 

-4.4 

8.61 

-4.6 

8.70 

-4.7 

8.81 

-4. 9 

8.95 

-5.0 

9.10 

-5.2 

9.26 

-5.3 

9.43 

-5.5 

9.59 

-5.6 

9.75 

-5.8 

9.90 

-5.9 

10.04 

-6.0 

10. 16 

—6.2 

tO. 26 

-6.3 

10.34 

-6.5 

10.40 

-6.6 

10.43 

-6.8 

10.44 

-6.9 

10.42 

-7.1 

10.38 

-7.2 

10.32 

-7.4 

10.73 

-7. 5 

10.1? 

-7.7 

10.00 

-7.8 

9.86 

-8. 0 

9.71 

-8.1 

9.55 

-8.3 

9.38 

-8.4 

9.22 

-8.6 

9.05 

-8.7 

8.90 

-8.9 

8.76 

-9.0 

8.64 
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PLANETARY EPHEHER IS 
HEUOGENTRIC ECLIPTIC COORDINATES 


DATE 


49850.0 

1995 

MAY 

12.5 

49860.0 

1995 

MAY 

22.5 

49870.0 

1995 

JUN 

I. 5 

49880.0 

1995 

JUN 

11.5 

49890.0 

1995 

J UN 

21.5 

49900.0 

1995 

JUL 

1.5 

49910.0 

1995 

JUL 

11.5 

49920.0 

1995 

JUL 

21.5 

49930.0 

1995 

AUG 

0.5 

49940.0 

1995 

AUG 

10.5 

49950.0 

1995 

AUG 

20.5 

49960.0 

1995 

AUG 

30.5 

49970.0 

1995 

SEP 

9.5 

49980.0 

1995 

SE® 

19.5 

49990.0 

1995 

SEP 

29.5 

50000.0 

1995 

OCT 

9.5 

50010.0 

1995 

3CT 

19.5 

50020.0 

1995 

3CT 

29.5 

50030.0 

1995 

N3V 

8.5 

50040.0 

1995 

M3V 

18.5 

50050.0 

1995 

NOV 

28.5 

50060.0 

1995 

DEC 

8.5 

50070.0 

1995 

DEC 

18. * 

50080.0 

1995 

DEC 

28.5 

50090.0 

1996 

JAN 

7.5 

50 100. 0 

1996 

JAN 

17.5 

50110.0 

1996 

JAN 

27.5 

50120.0 

1996 

FEB 

6.5 

50130.0 

1996 

FEB 

16.5 

50140.0 

1996 

FEB 

26.5 

50150.0 

1996 

MAR 

7.5 

50160.0 

1996 

MAR 

17.5 

50170.0 

1996 

MAR 

27.5 

50180.0 

1996 

Ai*R 

6.5 

50190.0 

1996 

APR 

16.5 

50200.0 

1996 

APR 

26.5 

50210.0 

1996 

MAY 

6.5 

50220.0 

1996 

MAY 

16.5 

50230.0 

1 996 

MAY 

26.5 

50240.0 

1996 

JUN 

5.5 

50250.0 

1996 

JUN 

15.5 

50260.0 

1996 

JUN 

25.5 

50270.0 

1996 

JUL 

5.5 

50280.0 

1996 

JUL 

15.5 

50 290.0 

1996 

JUL 

25.5 

50300.0 

1996 

AUG 

4.5 

50310.0 

1996 

AUG 

14. 

50320.0 

1996 

AUG 

24.5 

50330.0 

1996 

SEP 

3.5 

50340.0 

1996 

SEP 

13.5 

50350.0 

1996 

SEP 

23.5 

50360.0 

1996 

OCT 

3.5 

50370.0 

1996 

OCT 

13.5 

50380.0 

1996 

OCT 

23.5 

50390.0 

1996 

NOV 

2.5 

50400.0 

1996 

NOV 

12.5 

60410.0 

1996 

NOV 

22.5 

50420.0 

1996 

DEC 

2.5 

50430.0 

1996 

DEC 

12.5 

50440.0 

1996 

DEC 

22.5 

50450.0 

1997 

JAN 

1.5 

50460.0 

1997 

JAN 

11.5 

50470.0 

1997 

JAN 

21.5 

50480.0 

1997 

FEB 

0.5 

50490.0 

1997 

FEB 

10.5 

50500.0 

1997 

FEB 

20.5 

50510.0 

1997 

MAR 

2.5 

50520.0 

1997 

MAR 

12.5 

50530.0 

1997 

MAR 

22.5 

50540.0 

1997 

A* R 

1.5 

50550.0 

1997 

APR 

11.5 

50560.0 

1997 

AM 

21.5 

50570.0 

1997 

MAY 

1.5 

50580.0 

1997 

MAY 

11.5 

50590.0 

1997 

MAY 

21.5 

50600.0 

1997 

J UN 

0.5 

50610.0 

1997 

JUN 

10.5 

50620.0 

1997 

JUN 

20.5 

50630.0 

1997 

JUL 

0.5 

50640.0 

1997 

JUL 

10.5 

50650.0 

1997 

JUL 

20.5 

50660.0 

1997 

JUL 

30.5 

50670.0. 

1997 

AUG 

9.5 

50680.0 

1997 

AUG 

19.5 

50690.0 

1997 

AtJG 

29.5 


R LONS 


19.70 297.2 
19.70 297.3 

19.70 2 97. A 

19.71 297.6 
19.71 297.7 

19.71 297.8 
19.71 297.9 
19.71 298.0 
19.71 298.1 

19.71 298.2 

19.72 298.3 
19.72 298.4 
19.72 298.6 
19.72 298. 7 
19.72 298.8 

19.72 298.9 

19.73 299.0 
19.7 3 299.1 
19.73 299.2 
19.73 299.3 

19.73 299.4 
19.73 299.6 

19.73 299.7 
19. 74 299.8 

19.74 299.9 

19.74 300.0 
19.74 300.1 
19. 74 300.2 
19.74 300.3 

19.74 300.4 

19.75 300.5 
19.75 300.7 
19.75 300.8 
19.75 300.9 
19.75 301.0 

19.75 301-1 
19.75 301.2 

19.75 301.3 

19.76 301.4 
19.76 301.5 

19.76 301.7 
19.76 3 01.8 
19.76 3 01.9 
19.76 302.0 

19.76 302.1 

19.77 302.2 
19.77 302.3 
19.77 302.4 
19.77 302.5 
19. 77 302. 6 

19.77 302.8 

19.77 302.9 

19.78 303.0 
19.78 303.1 
19.78 303.2 

19.78 303.3 
19.78 303.4 
19.78 303-5 
19.78 303.6 

19. 78 303. 7 

19.79 303.9 
19.79 304.0 
19.79 304.1 
19.79 3 04.2 
19.79 304.3 

19.79 304.4 

19.79 304.5 

19.80 304.6 
19. 80 304. 7 
19.80 304. 8 

19.80 305.0 
19.80 305.1 
19.80 305.2 
19.80 305.3 

19.80 305.4 

19.81 305.5 
19.81 305.6 
19. 81 305.7 
19.81 305.8 
19.81 305.9 

19.81 306.1 

19.81 306.2 

19.82 306.3 
19.82 306.4 
19.82 306.5 


URANUS 
LAT RAS 


-0. 53 1851 0 
-0.53 188.9 
-0.53 188.9 
-0.53 188.9 
-0. 54 l 88. 8 

-0.54 188.8 
-0.54 188.8 
-0.54 188.7 
-0.54 188.7 
-0.54 188.7 

-0.54 188.6 
-0.54 188.6 
-0.54 188.6 
-0.55 188.5 
-O. 55 1 88.5 

-O. 55 188.5 
-0.55 188.4 
-0. 55 188.4 
-0. 55 188.4 
-0.55 188.3 

-0. 55 188.3 
-0.55 188.3 
-0.55 180.2 
-0.56 188.2 
-0.56 188.2 

-0.56 188.1 
-0.56 188.1 
-0.56 188.1 
-0.56 188.1 
-0.56 188.0 

-0.56 188.0 
-0.56 188.0 
-0.57 187.9 
-a 5 7 187.9 
-0. 57 l 87. 9 

-0. 57 1 87. 8 
-0.57 187.8 
-0. 57 187. 8 
-0. 57 187.7 
-0.57 187.7 

-0.57 187.7 
-0.57 187.7 
-0.58 187.6 
-0. 58 l 87. 6 
-0.58 187.6 

-0.58 187.5 
-0.58 187.5 
-0.58 187.5 
-0. 58 187.5 
-0.58 187.4 

-0.58 187.4 
-0.58 187.4 
-0.59 187.3 
-0. 59 1 87. 3 
-0.59 187.3 

-0.59 187.3 
-0.59 187.2 
-0.59 187.2 
-0. 5 9 187.2 
-0.59 187.2 

-0.59 187.1 
-0.59 187.1 
-0.59 187.1 
-0.60 187.0 
-0.60 187.0 

-0.60 187.0 
-0.60 187.0 
-0.60 186.9 
-0.60 186.9 
-0.60 186.9 

-0. 60 1 86. 9 
-0.60 1 86.8 
-0.60 186.8 
-0.60 186.8 
-0. 61 1 86. 8 

-0.61 186.7 
-0.61 186.7 
-0.61 186.7 
-0.61 186.7 
-0.61 186.6 

-0.61 186.6 
-0.61 186.6 
-0.61 186.5 
-0.61 186.5 
-0. 61 1 86. 5 


DECS 

CDIST 

*8.* 

19.32 

*8.3 

19.17 

*8.1 

19.03 

*8.0 

18.92 

*7.9 

18.82 

47.8 

OB 

* 

VI 

47.7 

18.71 

47.6 

18.70 

47.5 

18.71 

47.4 

10.76 

47.3 

18.83 

47.2 

18.93 

*7.1 

19.05 

*7.0 

19.19 

*5.3 

19.35 

*5.7 

19.51 

*5.5 

19.63 

*5.5 

19.85 

*5.* 

20.02 

*5.3 

20.18 

*6.2 

20.32 

*6.1 

20.45 

*5.0 

20.56 

*5.9 

20.64 

*5.3 

20.59 

*5.7 

20.72 

*5.5 

20.72 

*5.* 

20.69 

*5.3 

20.63 

*5.2 

20.55 

*5.1 

20.45 

*5.0 

20.32 

**.9 

20.18 

**.3 

23.02 

**.7 

19.86 

**.6 

19.69 

**.5 

19.52 

**.3 

19.36 

**.2 

19.21 

**.t 

19.09 

**.0 

18.96 

*3.9 

13.97 

*3.8 

18.80 

43.7 

18.76 

*3.6 

13.75 

*3.5 

18.77 

*3.* 

19.81 

*3.3 

18.89 

*3.2 

13.99 

*3.0 

19.11 

42.9 

19.25 

42.3 

19.41 

42.7 

19.57 

42.5 

19.75 

42.5 

19.92 

42.* 

20.03 

*2.3 

23.24 

*2.2 

20.38 

*2.1 

20.51 

*2.0 

20.61 

41.9 

20.69 

*1.7 

20.75 

41.6 

20.77 

41.5 

20.77 

41.4 

20.74 

41.3 

20.68 

41.2 

20.60 

41.1 

20.49 

41.0 

20.36 

40.T 

23.22 

40.8 

20.06 

*0.7 

19.93 

*0.5 

19.73 

40.5 

19.57 

40.3 

19.41 

40.2 

19.26 

40.1 

19.12 

40.0 

19.01 

39.9 

18.92 

39.8 

13.85 

39.7 

18.81 

39.6 

19.80 

39.5 

18.82 

39.4 

18.87 

39.3 

13.94 


R LONG 


33.15 293.3 

30.15 293.3 

33.15 293.4 

30.15 293.5 

33.15 293.5 

30.15 293.6 

33.15 293.6 

33.15 293 .7 

30.15 293.8 
30 .15 29 3.8 

30.15 293.9 
30.15 293.9 
30.15 294.0 
33 .14 294.0 
30.14 294.1 

30.14 294.2 
30.14 294.2 

30.14 294.3 

33.14 294.3 

30.14 294.4 

30.14 294.5 

30.14 294.5 

33.14 294.6 

30.14 294.6 

33.14 294.7 

33.14 294.8 
33. L4 294.8 

30.14 294.9 

30.14 294.9 

33.14 295.0 

30.14 295.1 

33.14 295.1 

30.14 295.2 
30.14 295.? 
33 .14 295.3 

30.14 295.4 

33.14 295.4 

30.14 295.5 

30.14 295.5 

33.14 295.6 

30 .14 29 5 .7 
33 .14 295.7 

30.14 295.8 

33.14 295.8 
33 .14 295 .9 

30.14 296.0 

30.14 296.0 
33 .14 296.1 

33.14 296.1 
33 .14 296.2 

30.14 296.2 
33.1^ 296.3 

30.13 296.4 

33.13 296.4 
33 .13 296.5 

30 .13 29 6.5 

30.13 296.6 

30.13 296.7 

33.13 296.7 

30.13 29 6.8 

30 .13 296.8 

33.13 296.9 

30.13 297.0 
30.13 297.0 

30.13 297.1 

30. t 3 297.1 

33.13 297.2 

30.13 29 7.3 

33.13 297.3 

30.13 297.4 

33.13 297.4 
33.13 297.5 
33.13 297.6 
33.13 297.6 

33.13 297.7 

30.13 297.7 

33.13 297.8 

30.13 297.9 
30 .13 297.9 
33 .13 298.0 

30.13 298.0 

33.13 29 8.1 

30.13 298.2 

30.13 298.2 

33.13 298.3 


NEPTUNE 
L AT R AS 


0.55 285.3 
0.55 285.4 
0.55 285.4 
0.54 285.5 
0.54 285.6 

0.54 285.6 
0.54 285.7 
0.54 285.8 
0.54 285.8 
0.53 285.9 

0.53 286.0 
0.53 286.0 
0.53 286.1 
0.53 286.2 
0.53 286.2 

0.52 206.3 
0.52 286.4 
0.52 286.4 
0.52 286.5 
0.52 286.6 

0.52 286.6 
0.51 286.7 
0.51 286.8 
0.51 286.8 
0.51 286.9 

0.51 287.0 
0.50 287.0 
0.50 287.1 
0.50 287.2 
0.50 287.2 

0.50 287.3 
0.50 287.4 
0.49 287.4 
0.49 287.5 
0.49 287.6 

0.49 287.6 
0.49 287.7 
0.49 287.8 
0.48 287.8 
0.48 287.9 

0.48 288.0 
0.48 208.0 
0.48 288.1 
0.47 288.2 
0.47 288.2 

0.47 288.3 
0.47 288.4 
0.47 288.4 
0.47 288.5 
0.46 288.6 

0.46 288.6 
0.46 288.7 
0.46 288.8 
0.46 288.8 
0.45 288.9 

0.45 289.0 
0.45 289.0 
0.45 289.1 
0.45 289.2 
0.45 289.2 

0.44 289.3 
0.44 289.4 
0.44 289.4 
0.44 289.5 
0.44 289.6 

0.44 289.6 
0.43 289.7 
0.43 289.8 
0.43 289. R 
0.43 289.9 

0.4 3 290.0 
0.42 290.0 
0.42 290.1 
0.42 290.2 
0.42 290.2 

0.42 290.3 
0.42 290.4 
0.41 290.4 
0.41 290.5 
0.41 290.6 

0.41 290.6 
0.41 290.7 
0.40 290.8 
0.40 290.8 
0.40 290.9 


DECS CD 1ST 


-27.9 29.69 
-27.9 29.55 
-27.9 29.42 
-27.9 29.31 
-27.9 29.22 

-27.9 29.17 
-27.9 29.13 
-27.9 29.13 
-27.9 29.16 
-27.9 29.22 

-27.9 29.30 
-27.8 29.41 
-27.8 29.53 
-27.8 29.68 
-27.8 29.84 

-27.8 30.01 
-27.8 30.18 
-27.8 30.35 
-27.8 30.51 
-27.8 30.66 

-27.8 30.80 
-27.8 30.91 
-27.8 31.01 
-27.8 31.07 
-27.7 31.11 

-27.7 31.13 
-27.7 31.11 
-27.7 31.06 
-27.7 30.99 
-27.7 30.89 

-27.7 30.77 
-27.7 30.63 
-27.7 30.47 
-27.7 30.31 
-27.7 30.14 

-27*6 29.97 
-27.6 29.80 
-27.6 29.65 
-27.6 29.50 
-27.6 29.38 

-27.6 29.28 
-27.6 29.20 
-27.6 29.15 
-27.6 29.12 
-27.6 29.13 

-27.6 29.16 
-27.6 29.23 
-27.5 29.31 
-27.5 29.43 
-27.5 29.56 

-27.5 29.71 
-27.5 29.87 
-27.5 30.04 
-27.5 30.21 
-27.5 30.38 

-27.5 30.54 
-27.5 30.69 
-27.5 30.82 
-27.4 30.93 
-27.4 31.02 

-27.4 31.08 
-27.4 31.11 
-27.4 31.11 
-27.4 31.09 
- 27.6 31.03 

-27.4 30.95 
-27.6 30. R5 
-27.4 30.72 
-27.3 30.58 
-27.3 30.42 

-27.3 30.26 
-27.3 30.09 
-27.3 29.92 
-27.3 29.75 
-27.3 29.60 

-27.3 29.46 
-27.3 29.36 
-27.3 29.25 
-27.2 29.17 
-27.2 29.13 

-27.2 29.11 
-27.2 29.12 
-27.2 29.17 
-27.2 29.24 
-27.2 29.33 


PLUTO 

3 LONS LAT RAS DECS 


29.73 238.9 13.51 193.4 0.0 

29.73 238.9 13.50 193.5 0.0 

29.74 239.0 13.48 193.6 0.0 
29.74 239.1 13.47 193.6 0.0 
29.74 239.1 13.46 193.7 0.0 

29.74 239.2 13.44 193.8 0.0 
29.74 239.3 13.43 193.8 0.0 

29.74 239.3 13.42 193.9 0.0 

29.75 239.4 13.41 194.0 0.0 
29.75 239.5 13.39 194.0 0.0 

29.75 239.5 13.38 194.1 0.0 
29.75 239.6 13.37 19*. 2 0.0 
29.75 239.7 13.36 194.2 0.0 

29.75 239.7 13.34 19*. 3 0.0 

29.76 239.8 13.33 19*.* 0.0 

29.76 239.9 13.32 194.4 0.0 
29.76 240.0 13.30 19*. 5 0.0 
29.76 240.0 13.29 194.6 0.0 
29.76 240.1 13.28 19*. 6 0.0 

29.76 240.2 13.27 194*7 0.0 

29.77 240.2 13.25 194.8 0.0 
29.77 240.3 13.24 19*. 8 0.0 
29.77 240.4 13.23 19*. 9 0.0 
29.77 240.4 13.21 195.0 0.0 

29.77 240.5 13.20 195.0 0.0 

29.78 240.6 13.19 195.1 0.0 
29.78 240.6 13.17 195.2 0.0 
29.78 240.7 13.16 195.3 0.0 
29.78 240.8 13.15 195.3 0.0 

29.78 240.8 13.14 195.4 0.0 

29.79 240.9 13.12 195.5 0.0 
29.79 241.0 13.11 195.5 0.0 
29.79 241.0 13.10 195.6 0.0 
29.79 241.1 13. 08 195.7 0.0 
29.79 241.2 13.07 195.7 0.0 

29.79 241.2 13.06 195.8 0.0 

29.80 241.3 13.04 195.9 0.0 
29.80 241.4 13.03 195.9 0.0 
29.80 241.4 13. 02 196.0 0.0 
29.80 241.5 13.00 196.1 0.0 

29.80 241.6 12.99 196.1 0.0 

29.81 2*1.7 12.98 196.2 0.0 
29.81 241.7 12.96 196.3 0.0 
29.81 241.8 12.95 196.3 0.0 
29.81 241.9 12. 94 196.4 0.0 

29.81 241.9 12.92 196.5 0.0 
29 . 82 24 2.0 1 2 . 91 196 . 5 0.0 

29.82 242.1 12.90 196.6 0.0 
29.82 242.1 12. 88 196.7 0.0 
29.82 242.2 12. 87 196.7 0.0 

29.82 242.3 12.86 196.8 0.0 

29.83 242.3 12.8* 195-9 0.0 
29 . 83 2 4 2.4 1 2. 83 1 96.9 0.0 
29.83 242.5 12. 82 197.0 0.0 
29.83 242.5 12. 80 197.1 0.0 

29.83 242.6 12.79 197.1 0.0 

29.84 242.7 12. 78 197.2 0.0 
29.84 242.7 12.76 197.3 0.0 
29.84 242.8 12.75 197.3 0.0 

29.84 242.9 12.74 197.4 0.0 

29.85 242.9 12.72 197.5 0.0 
29.85 243.0 12.71 197.5 0.0 
29.85 243.1 12.70 197.6 0.0 
29.85 243.1 12.68 197.7 0.0 

29.85 ?43.2 12.67 197.7 0.0 

29.86 243.3 12.65 197.8 0.0 
29.86 243.3 12.64 197.9 0.0 
29.86 243.4 12.63 197.9 0.0 
29. 86 243.5 12.61 198.0 0.3 

29.86 243.5 12.60 198.1 0.0 

2°. 87 243.6 12.59 198.1 0.0 

29.87 243.7 12.57 198.2 0.0 
29.87 243.7 12.56 198.3 0.0 

29.87 243.8 12.55 198.4 0.0 

29.88 243.9 12. 63 198.* 0.0 

29.88 243.9 12.52 198.5 0.0 
29.88 244.0 12.50 198.6 0.0 
29. 88 24&.1 12.49 198.6 0.0 

29.88 24^.2 12.48 198.7 0.0 

29.89 244.2 12.46 198.8 0.0 

29.89 244.3 12.*5 198.8 0.0 

29.89 24*. 4 12.43 198.9 0.0 
29. R9 2*4.4 12.42 199.0 0.0 

29.90 244.5 12.41 199.0 0.0 
29.90 244.6 12.39 199.1 0.0 


CDIST 


28.76 
20.75 

28.77 
28.82 

28.09 

28.99 

29.10 
29.24 
29.39 

29.55 

29.71 

29.88 
30.04 
30.19 
30.33 

30.46 

30.56 
30.64 
30.70 

30.72 

30.72 

30.70 

30.64 
30.56 
30.45 

30.33 

30.19 
30.03 
29.87 

29.70 

29.54 
29.38 
29.24 

29.11 
29.00 

28.91 

28.85 

28.82 

28.82 

28.84 

28.89 

28.97 

29.07 

29.20 

29.34 

29.49 

29.65 
29.82 

29.98 

30.15 

30.30 
30.43 

30.55 

30.65 

30.73 

30.78 
30.80 

30.79 

30.76 

30.70 

30.61 

30.50 
30.37 
30.23 

30.07 

29.90 

29.74 
29.68 
29.42 
29.28 

29.15 
29.05 

28.97 

28.92 
23 .89 

28.89 

28.93 

28.98 

29.07 
29.18 

29.30 
29.45 
29.60 

29.77 

29.93 
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PLANETARY EPHEHER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


50700.0 

1997 

SEP 

8.* 

50710.0 

1997 

SE=> 

18.5 

50720.0 

1997 

SEP 

28.5 

50730.0 

1997 

3CT 

8.5 

50740.0 

1997 

DC T 

18.5 

*0750.0 

1997 

□ CT 

28. 5 

50760.0 

1997 

NDV 

7.5 

50770.0 

1997 

ND V 

17.5 

50780.0 

1997 

NOV 

27.5 

50790.0 

1997 

DEC 

7.5 

50800. 0 

1997 

DEC 

17.5 

50810.0 

1997 

DEC 

27.5 

50820.0 

1998 

JAN 

6. 5 

50830.0 

1998 

JAN 

16.5 

50840.0 

1998 

JAN 

26.5 

50850.0 

1998 

FEB 

5.5 

50860. 0 

1998 

FEB 

15.5 

50870.0 

1998 

FEB 

25.5 

50880.0 

1998 

MAR 

7.5 

50090.0 

1998 

M A3 

17.5 

50900.0 

1998 

M A* 

27.5 

50910.0 

1998 

A»R 

6.5 

50920.0 

1998 

APR 

16.5 

50930.0 

1998 

A»R 

26.* 

50940.0 

1998 

MAY 

6.5 

50950.0 

1998 

MAY 

16. 5 

*0960.0 

1998 

MAY 

26.5 

50970.0 

1998 

JUN 

5.5 

50980.0 

1998 

JUN 

15.5 

*0990.0 

1998 

JUN 

25.5 

51000.0 

1998 

JUL 

5.5 

51010.0 

1998 

JUL 

15.5 

51020.0 

1998 

JUL 

25.5 

51030.0 

1998 

AUG 

4.5 

51040.0 

1998 

AUG 

14.5 

51050.0 

1998 

AUG 

24.5 

51060.0 

1998 

SEP 

3.5 

51070.0 

1998 

SEP 

13.5 

51080.0 

1998 

SEP 

23.5 

5 1090.0 

1998 

DC T 

3.5 

51100,0 

1998 

DC T 

13.* 

51110.0 

1998 

3CT 

23.5 

51120.0 

1998 

ND V 

2.5 

51130.0 

1998 

ND V 

12.5 

51140.0 

1998 

ND V 

22.5 

5 1150.0 

1998 

DEC 

2.5 

51160.0 

1998 

DEC 

l?.* 

51170.0 

1998 

DEC 

22.5 

51180.0 

1999 

JAN 

1.5 

5 1190.0 

1999 

JAN 

11.5 

5 1200.0 

1999 

JAN 

21.5 

51210.0 

1999 

FEB 

0.5 

51220.0 

1999 

FEB 

10.6 

51230.0 

1999 

FEB 

20.5 

5 1240.0 

1999 

MAR 

2.5 

51250.0 

1999 

MAR 

12.5 

5 1260.0 

1999 

MAR 

22.5 

51270.0 

1999 

APR 

1.5 

5 1280.0 

1999 

APR 

11.5 

51290.0 

1999 

APR 

21.5 

5 1300.0 

1999 

MAY 

1 . * 

51310.0 

1999 

MAY 

11.5 

51320.0 

1999 

may 

21.5 

51330.0 

1999 

JUN 

0.5 

51340.0 

1999 

JUN 

10.5 

51350.0 

1999 

JUN 

20.* 

51360.0 

1999 

JUL 

0.5 

51370.0 

1999 

JUL 

10.* 

51380.0 

1999 

JUL 

20. 5 

51390.0 

1999 

JUL 

3 0.5 

51400.0 

1999 

AUG 

9.5 

5 1410.0 

1999 

AUG 

19.5 

5 1420.0 

1999 

AUG 

29.5 

51430.0 

1999 

SEP 

8.5 

5 1440.0 

1999 

SEP 

18.5 

51450.0 

1999 

SFP 

28. 5 

51460.0 

1999 

DC T 

8.5 

5 147 0.0 

1999 

DCT 

18.5 

51480.0 

1999 

DC T 

28.5 

5 1490.0 

1999 

ND V 

7. * 

51500.0 

1999 

ND V 

17.5 

51510.0 

1999 

ND V 

27.5 

51520.0 

1999 

DEC 

7.5 

51530.0 

1999 

DEC 

17.5 

51*40.0 

1999 

DEC 

27.5 


URANUS 

R LONS LAT RAS 


19.82 306.6 -0. 62 1 86. 5 
19.82 306. 7 -0. 62 186.4 
19. 82 306. 8 -0. 62 1 86. A 
19. 8 2 306.9 -0. 62 186.4 

19.82 307.0 -0, 62 186. 4 

19.83 307.2 -0.62 1 86.3 
19. 83 307.3 -0. 62 1 86.3 
19. 83 307.4 -0. 62 1 86.3 
19.83 307. 5 -0. 6? L 86. 3 
19.83 307. 6 -0. 62 l 86. 3 

19.83 307.7 -0.62 .186.2 
19. 83 307. 8 -0. 63 1 86. 2 
19. 83 3 07.9 -0. 63 1 86.2 

19.84 308.0 -0.63 186.2 
19. 84 308. 1 -0. 63 186. 1 

19.84 308.3 -0.63 186.1 
19.84 308.4 -0. 63 186.1 
19. 84 308. 5 -a 63 186.1 
19.84 308. 6 -0. 63 l 86. 0 
19.84 308.7 -0. 63 1 86.0 

19.84 308.8 -0. 63 l 86. 0 

19.85 308.9 -0. 63 1 86. 0 
19.85 309.0 -0.63 l 85. 9 
19.85 309.1 -0. 64 1 85. 9 
19. 85 309.2 -0. 64 l 85. 9 

19. 85 309.3 -0.64 1 85.9 
19. 85 309. 5 -0. 64 l 85, 8 
19. 85 309.6 -0.64 1 85. 8 
19.85 309. 7 -0. 64 l 85. 8 
19. 85 309. 8 -0. 64 l 85. 8 

19. 86 309.9 -0.64 185.8 
19. 86 31 0. 0 -0.64 185. 7 
19. 86 31 0. 1 -0.64 1 85.7 
19. 86 310. 2 -0. 64 1 85. 7 
19. 86 310.3 -0.64 185.7 

19. 86 310.4 -0.65 1 85. 6 
19. 86 31 0. 6 -0.65 185.6 
19. 86 310. 7 -0.65 185.6 
19. 87 31 0. 8 -0. 65 1 85. 6 
19.87 31 0.9 -0. 65 1 85.6 

19. 87 31 1 . 0 -0. 65 1 85. 6 
19. 87 31 1 .1 -0.65 1 85. 5 
19.87 31 1.2 -0. 65 1 85. 5 
19. 87 311.3 -0.65 1 85. 5 
19. 87 311.4 -0. 65 185.4 

19.87 31 1. 5 -0. 65 1 85. 4 
19. 87 31 1 . 6 -0. 68 1 85. 4 

19.88 31 1. 8 -0. 66 1 85.4 
19. 88 31 1.9 -0. 6 6 1 85. 4 
19.88 312.0 -0. 66 185. 3 

19. 88 312. 1 -0. 66 185.3 
19. 88 312.2 -0.66 186. 3 
19. 88 312. 3 -0. 66 l 86. 3 
19. 88 31 2. 4 -0. 66 185. ? 

19.88 312. 5 -0. 66 1 85.2 

19.89 312.6 -0. 66 1 85. ? 
19. 89 312.7 -0.66 185. 2 
1 9. 89 312. 8 -0. 66 1 85. 2 
19.89 31 3.0 -0. 66 l 85. L 

19.89 313. 1 -0. 66 1 85. 1 

19. 89 313.2 -0. 67 185. 1 
19. 89 313.3 -0.67 185. 1 
19. 89 313.4 -0.67 185. 1 
19. 89 313. 5 -0.67 185.0 

19.90 31 3. 6 -0.67 1 85. 0 

19.90 31 3.7 -0.67 185.0 
19. 90 313. 8 -0. 67 l 85. 0 
19.90 313.9 -0. 67 1 85.0 
19. 90 314.0 -0.67 184.9 
19.90 314.2 -0.67 184.9 

19.90 314. 3 -0. 67 1 84.9 
19.90 314. 4 -0. 67 184.3 

19.90 314. 5 -0. 67 1 84. 8 
19. 90 314.6 -0. 67 1 84 . 8 

19.91 314. 7 -0. 68 1 84 . 8 

1 9. 91 31 4.8 -0.68 1 84. 8 
19.91 314. 9 -0. 68 1 84. 8 
19.91 315.0 -0. 68 1 84. 7 
19.91 315. l -0. 68 1 84. 7 
19.91 31 5. 2 -0. 68 1 84. 7 

19.91 31 5.3 -0. 68 l 84. 7 
19.91 31 5. 5 -0. 68 1 84. 7 

19.91 31 5. 6 -0. 68 1 84. 6 

19.92 31 5. 7 -0.68 184. 6 
19.92 31 5. 8 -0. 68 1 84. 6 


DECS 

cdist 


R 

LONG 

39 

.2 

19 

.04 

3D 

.13 

29 8 

.3 

39 

.0 

19 

.17 

3D 

.13 

298 

.4 

38 

.9 

19 

.31 

30 

.13 

298 

.4 

33 

.3 

19 

.47 

3D 

.13 

29 8 

.5 

38 

.7 

19 

.63 

3D 

.13 

298 

.6 

38 

.6 

19 

.81 

3D 

.13 

298 

.6 

38.3 

19 

.98 

3D 

.12 

298 

.7 

33 

.4 

2D 

.14 

33 

.12 

298 

.7 

38 

.3 

20 

.30 

33 

.12 

298 

.8 

33 

.2 

2D 

.44 

30 

.12 

29 8 

.9 

38 

.1 

20 

.57 

3D 

.12 

298 

.9 

38 

.0 

20 

• S7 

30 

.12 

299 

.0 

37 

.9 

20 

.75 

30 

.12 

299 

.0 

37 

.8 

20 

.80 

3D 

.12 

299 

.1 

37 

.6 

20 

.82 

3D 

.12 

299 

.2 

37 

.5 

20 

.82 

30 

.12 

20 9 

.2 

37 

,4 

2D 

.78 

3D 

.12 

29 9 

.3 

37 

.3 

2D 

.72 

33 

.12 

299 

.3 

37 

.2 

2D 

.64 

3D 

.12 

299 

.4 

37 

. L 

2D 

.53 

33 

.12 

299 

.5 

37 

.0 

20 

.40 

30 

.12 

299 

.5 

35 

.9 

2D 

.26 

3D 

.12 

299 

.6 

36 

.8 

20 

.10 

3D 

.12 

299 

.6 

36 

.7 

19 

.94 

33 

.12 

299 

.7 

36 

.6 

19 

.77 

30 

.12 

299 

.8 

36 

.5 

19 

.60 

30 

.12 

299 

.8 

36 

.3 

19 

.44 

3D 

.12 

299 

.9 

36 

.2 

19 

.30 

3D 

.1? 

299, 

.9 

35 

.1 

19 

. 16 

3D 

.12 

300, 

.0 

36 

.0 

19 

.05 

3D 

.12 

300 

. 1 

35 

.9 

18 

.96 

30 

.12 

300 

. 1 

35 

.8 

13, 

.99 

3D 

.12 

300. 

.2 

35 

. 7 

18 

.85 

30 

.12 

3D0 

.2 

35 

.6 

13 

.35 

3D 

.12 

300 

.3 

35 

, 5 

19, 

.87 

3D 

.12 

300 

.4 

35 

.4 

18 

.92 

30 

.12 

300 

,4 

35 

.3 

19, 

.99 

3D 

.12 

300, 

.5 

35 

.2 

19, 

. 10 

30 

.12 

300, 

, 5 

35 

.1 

19, 

.2? 

3D 

.12 

300, 

.6 

34 

.9 

19 

.37 

3D 

.1? 

300, 

.7 

34 

.8 

19 

.5? 

3D 

.12 

300, 

.7 

3 V 

.7 

19, 

.69 

3D 

.12 

300, 

.8 

34 

.6 

19 

.86 

30 

.1? 

300, 

.8 

3 4 

. «\ 

2D, 

.03 

3D 

.1? 

300, 

.9 

34 


20, 

.20 

3D 

.11 

300, 

.9 

34 

.3 

20, 

.36 

33 

.11 

30 1, 

.0 

34, 


20, 

.50 

3D 

.11 

3D 1. 

. 1 

34 

.1 

20, 

.62 

30 

.11 

301. 

.1 

3 4 

.0 

20, 

.72 

3D 

.11 

30 1, 

.2 

33 

.9 

20, 

.80 

30 

.1 l 

30 1. 

► 2 

33, 

.8 

20, 

.84 

30 

.11 

30 1, 

,3 

33, 

.7 

20. 

,87 

3D 

.11 

3D 1, 

,4 

33 

.5 

20. 

.86 

30 

.11 

30 1 , 

,4 

33 , 

,4 

20, 

.82 

30 

.11 

30 1 , 

, e; 

33, 

.3 

20, 

.76 

33, 

,11 

301. 

,6 

33 , 

, 2 

20. 

,67 

3D . 

. 1 1 

30 1 , 

,6 

33, 

,1 

20. 

,56 

3D 

.11 

3D 1. 

,7 

33 , 

.0 

20, 

,44 

30 

.11 

301. 

,7 

3? . 

,9 

23. 

,29 

3D, 

.11 

30 1. 

,8 

32, 

.8 

2D. 

.13 

30 

.11 

30 1. 

,8 

3? . 

,7 

19. 

,97 

3D , 

.11 

30 1 . 

,9 

3? . 

,4 

19. 

93 

30, 

.11 

30 2. 

,0 

3? , 

,5 

19, 

,64 

30 . 

.11 

30 2. 

,0 

32, 

,4 

19. 

,48 

30 , 

.11 

3D 2. 

,1 

32. 

,3 

19. 

,33 

3D , 

.11 

30 2. 

,1 

32. 

,1 

19 . 

,20 

3D . 

.11 

30 2. 

2 

3? . 

,0 

19. 

,09 

3D . 

.11 

30 2. 

3 

3 1 . 

,9 

19. 

,00 

30 , 

.11 

30 2. 

,3 

31 , 

,8 

18. 

93 

3D. 

. 1 1 

30 2. 

4 

31 . 

,7 

19. 

90 

30 , 

,11 

30 2. 

4 

31 . 

,6 

18, 

.89 

30 . 

.11 

302. 

c. 

31 . 

,5 

13. 

91 

3D . 

,11 

30 2. 

6 

31 , 

,4 

18. 

96 

3D. 

,11 

302. 

6 . 

31 . 

3 

19. 

04 

3D , 

.11 

30 2. 

7 

31 . 

2 

19 . 

15 

3D . 

, 1 1 

30 2. 

7 

31 . 

,1 

19. 

27 

30 . 

. 1 L 

302. 

8 

31 . 

0 

19. 

42 

3D . 

,11 

302. 

9 

30. 

,9 

19. 

58 

3D . 

,11 

302. 

9 

30. 

8 

19. 

74 

3D . 

,11 

303. 

0 

3 0. 

6 

19. 

92 

3D . 

,11 

303. 

0 

30. 

,5 

23. 

09 

30 . 

,11 

30 3. 

1 

30. 

4 

23. 

25 

3D . 

,11 

3D 3. 

2 

30. 

3 

20. 

41 

3D . 

,11 

30 3. 

2 

30. 

2 

20. 

55 

30 . 

10 

30 3. 

3 

3D. 

1 

20. 

67 

30. 

10 

30 3. 

3 


NEPTUNE PLUTO 

LAT RAS DECS CD 1ST R LONS LAT RAS DECS COIST 


0.40 291.0 -27.2 29.45 29.90 

0.40 291.0 -27.2 29.59 29.90 

0.40 291.1 -27.2 29.74 29.91 

0.39 291.2 -27.1 29.90 29.91 

0.39 291.2 -27.1 30.07 29.91 

0.39 291.3 -27.1 30.24 29.91 

0.39 291.3 -27.1 30.41 29.92 

0.39 291.4 -27.1 30.57 29.92 

0.39 291.5 -27.1 30.71 29.92 

0.38 291.5 -27. 1 30.84 29.92 


244.6 12.38 199.2 0.0 30.10 

244.7 12.37 199.2 0.0 30.26 

244.8 12.35 199.3 0.0 30.41 

244.8 12.34 199.4 0.0 30.54 

244.9 12.32 199.4 0.0 30.66 

245.0 12.31 199.5 0.0 30.75 

245.0 12.30 199.6 0.0 30.82 

245.1 12.28 L 99. 6 0.0 30.87 

245.2 12.27 199.7 0.0 30.88 
245.2 12.25 199.8 0.0 30.87 


0.38 291.6 -27.1 30.95* 29.92 
0.38 291.7 -27.1 31.03 29.93 
0.38 291.7 -27.1 31.08 29.93 
0.38 291.8 -27.0 31.11 29.93 
0.37 291.9 -27.0 31.10 29.93 

0.37 291.9 -27.0 31.07 29.94 
0.37 292.0 -?7.0 31.01 29.94 
0.37 292.1 -27.0 30.92 29.94 
0.37 292.1 -27.0 30.81 29.94 
0.37 292.2 -27.0 30.68 29.95 

0.36 292.3 -27.0 30.53 29.95 
0.36 292.3 -27.0 30.37 29.95 
0.36 292.4 -26.9 30.21 29.95 
0.36 292.6 -26.9 30.03 29.96 
0.36 292.5 -26.9 29.87 29.96 

0.35 292.6 -26.9 29.71 29.96 
0.35 292.7 -26.9 29.56 29.96 
0.35 292.7 -26.9 29.4? 29.97 
0.35 292.8 -26.9 29.31 29.97 
0.35 292.9 -26.9 29.22 29.97 

0.36 292.9 -26.9 29.15 29.97 
0.34 293.0 -26.8 29.U 29.98 
0.34 293.1 -26.8 29.10 29.93 
0.34 293.1 -26.8 29.1? 29.98 
0.34 293.2 -26.8 29.17 29.98 


245.3 12.24 199. 8 0.0 30.83 

245.4 12.23 199.9 0.0 30.76 

245.4 12.21 200. 0 0.0 30.67 

245.5 12.20 200.0 0. 0 30.56 

245.6 12.18 200. 1 0.0 30.42 

245.6 12.17 200.2 0.0 30.20 

245.7 12.15 200.2 0.0 30.12 
245. 8 12.14 200.3 0.0 29.95 

245.8 12.13 200.4 0.0 29.79 

245.9 12.11 200.4 0.0 29.62 

246.0 12.10 200.5 0.0 29.47 

246.0 12. 08 200.6 0.0 29.33 

246.1 12.07 200.6 0.0 29.21 

246.2 12. 06 200.7 0.0 29.11 

246.2 12.04 200.8 0.0 29.04 

246.3 12.03 200.8 0.0 28.99 

246.4 12.01 200.9 0.0 28.97 

246.4 12.00 201.0 0.0 28.98 

246.5 U.98 201.0 0,0 29.02 

246.6 1 1.97 201.1 0.0 29.09 

246.6 11.95 201.2 0.0 29.18 

246.7 11.94 201.2 0.0 29.29 

246.8 11.93 201.3 0.0 29.4? 

246.8 11.91 201.4 0.0 29.57 

246.9 11.90 201.4 0.0 29.73 


0.34 293.3 -26.8 
0.33 293.3 -26.8 
0.33 293.4 -26. R 
0.33 293.5 -26.8 
0.33 293.5 -26.8 

0.33 293.6 -26.7 
0.33 293.6 -26.7 
0.32 293.7 -26.7 
0.3? 293.8 -26.7 
0.32 293.8 -26.7 

0.3? 293.9 -26.7 
0.3? 294.0 -26.7 
0.31 294.0 -26.7 
0.31 294.1 -26.6 
0.31 294.2 -26.6 


?9.?5 29.99 247.0 

29.35 29.99 247.0 

29.47 29. 99 247.1 

29.61 29.99 247.2 

29.77 30.00 247.2 

29. 94 30. 00 247.3 

30.11 30.00 247.4 

30.28 30.01 247.4 

30.44 30.01 247.5 

30.60 30.01 247.6 

30.74 30.01 247.6 

30.84 30.0? 247.7 

30.96 30.0? 247.8 

31.03 30. 02 247.8 

31.08 30.02 247.9 


11.88 201.5 0.0 29.89 
11.87 201.6 0.0 30.06 
1 1.85 201.6 0.0 30.23 
11.84 201.7 0.0 30.39 
1 1. 83 2 01.8 0.0 30.5 3 

11.81 201.8 0.0 30.66 
11. 80 201 .9 0.0 30.78 
l 1. 78 202.0 0.0 30.87 
11. 77 202. 0 0.0 30.93 
1 1. 75 202.1 0.0 30.97 

11.74 202.2 0.0 30.98 
11.72 202. 2 0.0 30.96 
11.71 202.3 0.0 30.91 
11.49 202.4 0.0 30.84 
11.68 202.4 0.0 30.74 


0.31 294.? -26.6 
0.31 294.3 -26.6 
0.31 294.4 -26.6 
0.30 294.4 -26.6 
0.30 294.5 -26.6 

0.30 294.6 -26.6 
0.30 794.6 -26.6 
0.30 294.7 -26.5 
0.29 294.8 -26.4 
0.29 294.8 -26.5 

0.29 294.9 -26.* 
0.29 295.0 -26.5 
0.29 295.0 -26.5 
0.29 295.1 -26.5 
0.28 295.1 -26.6 


31.10 30.03 248.0 

31.09 30. 03 248. 0 

31.05 30.03 248.1 

30.98 30.04 248.2 

30.88 30.04 24R.2 

30.77 30.04 248.3 

30.63 30. 04 ?48.4 

30.48 30.05 248.4 

30.32 30.05 248. 5 

30.1? 30.05 248.6 

29.98 30.05 248.6 

29.8? 30. 06 248. 7 

29.66 30.06 248.7 

29.51 30.06 248.8 

29.38 30.07 248.9 


11.67 202.5 0.0 30.6? 
11.65 202.6 0.0 30.46 
11.64 202.6 0.0 30.33 
11.6? 202.7 0.0 30.17 
11.61 202.8 0.0 30.01 

1 1. 59 2 02. 8 0.0 29.84 
11. 5R 202.9 0.0 29.68 
11.56 203.0 0.0 29.53 
11.55 203.0 0.0 29.40 
1 1. 53 203.1 0.0 29.28 

1 1.52 203. 2 0.0 29. 19 
11.50 203.2 0.0 29.12 
1 1.49 203.3 0.0 29.08 
11.47 203.4 0.0 29.07 
11.46 203.4 0.0 29.09 


0.28 29 *. 2 -26.4 
0.28 295.3 -26.4 
0.28 295.3 -26.4 
0.28 295.4 -26.4 
0.27 295.5 -26.4 

0.27 295.5 - 26.4 
0.27 295.6 - 26.4 
0.27 295.7 -26.4 
0.27 295.7 -26.3 
0.27 295.8 -26.3 

0.26 295.9 -26.3 
0.26 295.9 -26.3 
0.26 296.0 -26.3 
0.26 296.1 -26.3 
0.26 296.1 -26.3 

0.25 296.2 -26.3 
0.25 296.3 -26.2 
0.25 296.3 -26.2 
0.25 296.4 -26.2 
0.25 296.4 -26.2 


20.27 30.07 248.9 

29. 19 30. 07 249.0 

20.13 30.07 249.1 

29.10 30.08 249.1 

29.10 30.00 249.2 

29.1? 30.08 249.3 

29.18 30.09 ?49. 3 

29.26 30.09 249.4 

29.37 30.09 249.5 

29.50 30.09 249.5 

29. 64 30. 1 0 249.6 

29.80 30.10 249.7 

29.97 30.10 249.7 

30.14 30.11 249.8 

30. 3L 30.11 249.9 

30.47 30. 11 249.9 

30.63 30.11 250.0 

30,76 30.12 250.1 

80.88 30. 12 250.1 

30.97 30.12 250.2 


11.45 203.5 0.0 29.13 
11.43 233.6 0.0 29.20 
11.42 203.6 0.0 29.30 
11.40 203. 7 0.0 29.4? 
11.39 203.8 0.0 29.55 

11.37 203. R 0.0 29.70 
11.36 203.9 0.3 29.86 
11.34 204.0 0.0 30.03 
11.33 204.0 0.0 30.20 
11. 31 204.1 0.0 30.37 

11.30 204.2 0.0 30.52 
11.28 204.2 0.0 30.67 
1 1.27 204. 3 0.0 30.79 
11.25 204.4 0.0 30.90 
11.24 204.4 0.0 30.99 

1 1.22 204.5 0.0 31.05 
11.21 204.5 3.0 31.08 
11.19 204.6 0.0 31.08 
11.18 204.7 0.0 31.06 
11.16 204.7 0.0 31.00 


49 



PLANET ARY * EPHEMER IS 
HELIOCENTRIC ECLIPTIC COORDINATES 


Z o c 

$ 


® « O' O' O' O' O' O' O' O OOOOO O O O' O' O' O' O' O' O' C 


X «t if >o s 


as o O p«( PM 

ddddd 

PM PM PVI PM (M N M M (M f 


<c 4 x. or- «0'O- 


gg go oo ffi er x x ® « ® ®®«®« 

eo O' C C ^ PM m vl If If C MJC O' O' 

PC (C PC fC (C ffl ffl w m w 
PM <VJ PM PVJ <\J PVJ (VI (VI f\J PVJ (VJ INI <M PM PNJ 

t I ■ 


CD O' O' O' O' O' O' O' O O O C O O O' 


« r- 43 4 on 
O' O' O' O' O' 


as as as a cc ®««®c 


r ■ N «j- c CMvOOO 

4 4s 1*- o «h <m 4 x 4 x 

X X ® ® O' O' (T O' O' O' 


h pm pm <c 4 4 X 4) 4 N ® X O' O O ^ t 


r- — LT' ® rvj 4 O' rc r- -u 'fcero>CO' rc f- x ® <m 4 o 4 x - it O' ^ x e <m 4 o 4 ® <m 4 o^ec f 


O' O' o o ^ 
NNiflnw 

N N N (N fJ 


44 H H (VJ (\J M 
<M PM PM 


1 PC 4 
i m w 
u pm pm 


4 4 
pc pc 

<N PM 


If . X 4 >0 -f 
PC PC C3 PC (C 
PSJ<VJ<NJM<NJ 


-h ^ O O' X eo N 4 X < 


<c m <c rc <c 

<NJ PSJ <NJ PNI PM 

4 PC <VJ — O 


S' O o o © 

n pc pc 4 4 

Sj PNI PSJ <VJ PSJ 


* .h — ~ o c 


<VJ<NJPNJ<VJM PVJ PSJ <VI <Vl <VJ 

I I I I I I I I t I I I I I I 

PM X O' PM 4 o m h H ^ KNif (MM 

trusuv'O'O n k- d x x ttoooo 

4 4 4 4 4 vf «}■ >t sf 4 4 4 4 X 

4 4 4 4 X X X X 4 4 ^ ^ 2 2 

O O O o O OOOOO O o o o o 

C 4 <N ® PC P-OOO® 4®CO« 

r“®o^f' <j if me ® oocoo* 

4 4 X X X X x X x x X. X 4 4 X 


<VJ<NI<VIPSJ<VJ <VJ<VJ<NJ<VJ<VJ PM PM PM PM PM <VJ <M 


3 O [C f 
' If If U 


0 1 f O if < O >P c 


j PM PM <NJPVJ<VJ<VJ<VI <VJPVIPNJ<VJ<VJ N r- p. *< . 

II I I I « I I I I 

IN ® PM 4 O' pr C 4 x pm X O' r 


o .h w* •"* PSJ 


pc rc c* cm <ni pnj <vj <vj 

O' O O O' O O O' O O' o 


^ ^ -J -4 C C 


O' O O' O' o 


OOCOO' O' O' cr O' x cc as as as as 

i»j _< .-j O O OOOOO OOCOO 

OOOOO' OOOOO OOOOO 


o o o c o 

PC PC ^ PC X 


o ® r- 4 ir 


pc rc rc pc rc pcpcppipcpc 


■POOCH 

O' X ® N 4 

If If X If UN 

*- CP -I o O 

<C {C PC If <C 


4 pc <vi <M «-"• 

4X41*-® 


o O ® 'C IfsffCCNJf 


6 .-l f- X 4 If O '•0 *0 O 

- 4 4 C* <Vl «HOCOO 


if if , x X 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 


OOOOO OOOOO 
PC PC PC PC |C PC PC PC <C PM 


O O ® f- 4 


OOOOO 

PSJ <M <vj <\j PSJ 


V <C PM — C OfflP~> 


O ® ® « ® 

PNI <M PVi PNJ PNJ 


C 4 X pm 4 C 4 ® IN 4 O 4 ® PM 4 


CfC«l 44 
4 4 4 4 4 

PVJ PVJ PSJ PSJ PVI 


® 4 h« 4 PM 

r- o h pvi 4 

4 4 if If If 


(p fp 4 if ip sc-O'Oor" 

If IT If If If If If If If If 

PVJPMPNJPViPVl <VJ<VJ<VJ<VIPSJ 

1 I I I I | I I I I 

O 4 « (VI 4 OlfOpcC* 


C O' O' O' C o _ _ 


If If , If 4 4) 

4 4 4 4 4 

<\j pvj PVI Pvi PVJ 


PC <vj *h O O f*- 4 X 4 <NJ *-■ C O' f- 4 

*h pvj pc .j- 4 if ^ N c ff 


<*- r» r- ® ® 

4- 4 4- 4- 4 

pvj psj pvj pvj <vi 


O O O C O 
OOOOO 


P-» 4 4 4 4 
<VI PVJ PVJ PVI <Vj 


O O o 

4 4 4 

PSJ PSJ PVI 


c c 

if. u, 

PVJ PVJ 


H H H PM PSJ 
If If, If If If 
PVI PVJ PVI PVI PVJ 


PC pc pc 4 4 
If If If If IP. 
PVJ PVJ PVJ (VI PVI 


If 4 If M H 


C If If If If 
VJ PVJ PVJ PSJ (V 

lilt) 


If , if If 42 43 
If > If If If If 
PVJ fsj PVJ PVJ IN 

ON44C 
4 <C 4 <C 


4 4 4 <C , 
PVI PVJ PVJ PVJ < 
till 


i i i i r 

PM 4 C If O 

d o' o o o 

If If ■*, 43 <J 
PVj pm PSJ PVI CM 


- — if ® C' 4 O <p r»H4 ^ cj if. O pn f 


C 4 O H if C* pn 4 C -J 

OOOOO O h h N (m 

4 4 4 f* S V f* N 


® |H If. O PVJ 
PM pc <c X 4 


45 O 4 r~ — 
if . If if 43 


ddddd ddodd ddddd odooo croooo ooooo o o O' o O' 


If O' H N C 

DC--H 

4 4 4 4 4 

IP. If If 4 4 

PVI PVJ M PVI PM 


4 4 X X X 


M PM PNJ « 

PVJ PSJ <VJ PM PSJ 


M<M<VJPVJ<VJ PM<MPVJ<VI<M PM <SI If ® |C 


44444 44444 44444 4 if If* If If' 

•— O C C O OO®®® N- t- P- 4i *0 If IT if 4 4 

<\J <M PM PM •— 1 H HHH H 1-4 44 44 ^ it 


CPViQO « 4 If <f Pm h (j. ® 4 |f 1 


PC PM 0 ® f- 


if . 4 PNJ H- ( 
4 4 4 4 ' 


I I I I I 

PC PSJ "H o O 


^ ^ O <VJ O 
PVJ W4 ® 43 PC 


1 1 1 1 1 

as f- 43 if 4 


- p» ® rc ® ® ® 

P O OOOOO 

P 4 4-444 


•* fn o as if ® O <■ 


4>f»h-r-r- 
® O' o h (M 
M PVJ PC PC PC 

OOOOO 
0 0 0^0 

O' 44 <c 4 43 

4 If If d If 
C -m PVJ <c 4 


h'4'Clf 4 
if 4 jf -- 


OOOOO 

o o o o c 

<o p» r» 4 if 


rrr-rT r???v ????? ????? 

4 pc 


O ® 43 If 4PC.-IC30 

51 O H (VJ C 4lf4P“f- 

4 if if If if if if if If if 


4 «f f“- CM 
f if H N 4 


4 PC 4 ON- 


O If N 4 O 

O N 4 — N 


4 ® PC O (VJ40C4 43 4 O PVI PC 

pCpmpviimpvj pm pvj pc pc pc pi pn m fj h 
P sj (PI If 4 N C O' O h PM (PI 4 If 4 


ooooo OOOOO 

OOOOO OOOOO 

(C C f* 4 o 4 (M f- C* C 

if if 4 d 4 pc pc <M <VJ 

O H PSJ If 4 |f 4 } N ® O 

M PM PVI PVI PVJ PM<MPSJ<NI<M 

O H H H H N PVJ PSJ PM PM 

OOOOO OOOOO 


C O 0 O O 

o o o o c5 


O h If <f <N c ® ' 

N N P~ N N - - 

? ? ? ? ? 

PC <M o O' ® 

PC 4 If If 43 

4 Ml 4 4 Ml 


44444 if if if If If If IT ip If If If UC If If If 


OOOOO OOO-hhJ hhhh. 


if if If If IT if if If If if if If If If if 

4545'Olflf If 4 4 4 If If tf If If If 


If if, If. If. IT. 


OOOOO 
OOOOO 
OOOOO 
PM PM <N PM PM 


ooooo 

ooooo 

If 43 f“- « O' 
If If If If If 


® C* ® OPCP 

uj < < < a 

iL o- y r < 

o c o o o 

ooooo 

OOOOO 
PM PM PM PM PM 




1 t y -> — > -a -> — > -3<4 <no 


if if. if if if. 
4 PC <C PC CM 


i O O O a. 
553DUJ 


If If . if u 

PM PM <M P 


O O 
O O 
c o 


000 

000 

000 


ooooo 
o o o c o 
ooooo 


PM pm PM PM PM Psl PSJ 

ooooo ooooo 0000 


ooooo oco 

ooooo 00 c 

ocooc 000 

PM PSJ PM fJ PM PM CJ PsJ 


o o 
o o 
O o 

PM PM 


ooooo 

O -* PVJ pc 4 

44404 


IT. If If If If If If If If . If 


■O 4 *0 >C 4) 
If If If If If 


r 5 ? ? ? 

5 If PC PM 


r??? ????• 

~®N4) ifpcPM-Mp 


*44 44 tf If tf. 43 4V f N N N N ® or tt O' Cf 

1 p C n C OrvOOO OOOOO 0001=0 

c it. if ir if if in if ip it if if if . if if if it if ir ir 


<M PC 4 ; 4 w 4 


<*■ fn pc if an 

O O' ® h- 
N go O' O 

c o 9 c o 
c o o o o 


(COlf*H® If- fM O O' ® 

- 2 dodd odc'd® 

O <-J PM PC (C 4 If -*PM 

pc PC PC (C (TV PC PC 

PM ^ HH >H ^ 44 O O O O' 

OOOOO OOOOO 


4 N O' — PC 

T V V ~ ? 

4 4 <*■ 4 pc 

d d d d tt 

N po PC 4 If 

PM pvj PNI PM PM 

O C o o o 

cooed 


PC 4 4 44 43 

CT d H (V r! 

43 ® O' O 44 

PM pvi «M PC PC 

C o c o o 

cooed 


4 >OWO-h PM 4 4 4 4 


ooooo ecoco 

ooooo cooco 


O' O' O' O' o 
® O' O 44 PC 


GO CC OD CO 0 ^ 
^ O' O' O' 0 s 


C O O O O 

4 if , -O P“» ® 


O' O' O' O' o 

ocooc 


????? ????? 

OC N If 4 pc H n C MTI 


0000 - 

If If If If If 


- <Mf > ■ 
4 N 4 I 


if. 4) ® c* O 

d d n n 4j 

hNKI-P 


44 PM PM PNJ PC 

If if If If If 

4 O as PVJ PM 


H (VJ (SI PJ f 


C «h o ® PC o 4 : — p 


OOOOO 
0* O O h PJ 

rH PM PM PM IM 

C O O N -P 

c C o O O 


O « X N N 
PC4ifvCC“ 
PM PM PM PM PM 


■£ O If f * 

® O O r 

PM pm <C pc r 


????? 

4 (si c« e e 

1 (M PM 
■ O O' 

PC rc 4 4 4 

If If If If If 

X PV. PC If. 4 
O 4 PM 4* if 

I I 

IP >0 it ■£ P 


????? 

sC If , (C PM O 

rc 4 if 4 : 

o o o 0 

If If if' <£. 4 j 

If if If If . If 


O <c 44 pc r- 
(M <c 4 


1 - H - 1 44 PM PM P 


COOCO cococ 
coded ddddd 


OS pc o 4 O r- 4 « 


4 4 4 pc pc 

pc 4 If 

<C pc pc 


???°° 
O N 'O 4 <M 


ooooo 


OOOOC OOCOO 

ddodd oddeo 


< O SC sO f*- 

fi PC pc. PC 
PM PC 4 «f 43 


(V. pr. 4 If 43 
If 43 f- ® O 
PM PM <VI PM (M 


o o o c c 
ooooo 

O O <M 4 'O 


ooooo 


r- n r- ® x en it O' c 

44 ~4 44 44 44 4 - *4 44 4 - 1 {VJ 

if If Lf If If If If f X If 


O' COP < 

44 PM If O r 


p- r- i*» r- 4i 
OhNOI-P 
PC PC CV PC PC 

c c c c o 
ddddd 


o c c c o 

ocodd 


koOp-<m f-'rtOa 

4 4 if. if it. ir if it < 

pvj pc 4 if , 43 NXOC 


OOOOO 

if if if . if if 

^ M PVJ 44 


odooo o <3 o o' h 


nd J J J J J d d d d ^ J J h h ddodd c o c o o ooooo 


it tn if if if 

O O d H - 


>>>00 as as cc rc r 

nen JJu J uj<<<< UJiL'<<f* 

o y y Q a o->-}o-3 ^urr! 


ooooo 

ooooo 

O 0 O 0 O 


C O o o o 
OOOOO 


o C 0 O OOtJOO WILJWVHW 

PM PM PM PM <M PM (VJ PM Psj PM PM PM PVJ <M 


OOOOO 

OOOOO 


If If If > If If 


rc rc aC > > 

a a a. < « 

< 4 < y y 


COOCO 

ooooo 

<M fsj PM <M PM 


If If If If- U 

0 o o* 0 c 


>■ >• z Z ; 

< <t d 0 : 

y y "3 - 


C O O o c 
OOOOC 
PM PM <M (M P 


If, If If If, If 
0 O' O' as a 


irvififtfif 
N N 4J 43 43 


If X X. I 

4-0 41 


j C3 O 
3 Z> O 
■) < < 


I— k- > > > 

OUPCOO w uj h <a < 

CfCZZZ COC“®*c 


PMPMPMPSJIM pm pvi pm pm p 


If- If tf. IT IT 

X 4 4 4 4 ; 

CJ — * <M 

< lu Lu u. 4 

-5 il u. u- ar 

H H H PM <SJ PSJ PM PM <M <M 

OOOOO OOOOO 

ooooo ocooc 

<VJ<VJPMPM<M PVJ PSJ PSJ PSl <Vi 


. If. X. X 
3 X X X 


U U U Z 7 


a rC 
< < 

I T 

PVJ PM P 
C O C 
O O C 


a nr PV 
0.0-0- 
< < « 


DO OOOOO OOOOO 

DO OOOOO OOOOO 

X 4 N X O' O PM pf 4 


OOOOO OOOOO OCCOC COOCO 


OOOOC OOOOO OOCOO COCOC OCCCO OOOOO c o o O PS 


OOOOO 
X O P*r X O' 
XX®®® 


OOOOO 
o 44 PM pc 4 
O' O' O O' o 


ooooo 

If 4 ) <** ® O' 


XXX XX X. X X X x, X X X X X X X X X X xxxxu 


o o o e 0 

O 44 PM PC 4 

ooooo 

(Vi PM PM PSJ <M 

X X x X X 


ooooo ooooo 

XXf-XO' O rk PNJ PC 4 

OOOOC 44 44 44 44 44 

PV PM PNI PM <M <M PM (VJ (M (M 

X X X X- X' X X X X X 


OOOOO 
O *H PM (C 4 
Psj <V| PSJ (M <M 
<M PM PM psj <M 
X, X X Xi x 


ooooo 
in 4 P" ffl cp 

PVJ <Vl PSJ PM <M 
fM <M PSJ (VJ PM 
XV X- x, X x 


o c o o o 

O H PSJ pr 4 

pc <c ic pc <c 

PM PM PM fsJ <m 

X X X X X 


o O O C O 
X X f** ® O' 
[Pi (B (Pi (PV Bl 
PM PM PM PM <M 
X X X. X tf' 


o 

m 



PLANETARY FPHEMERIS 
HELIOCENTRIC ECLIPTIC COORDINATES 


DATE 


51550.0 

2000 JAN 

6.5 

51560.0 

2000 JAN 

16.5 

51570.0 

2000 JAN 

26.5 

51580.0 

2000 FEB 

5.5 

51590.0 

2000 FEB 

15.5 

51600.0 

2000 FEB 

25.5 

51610.0 

2000 MAR 

6.5 

51620.0 

2000 MAR 

16.5 

51630.0 

2000 MAR 

26.5 

51640.0 

2000 APR 

5.5 

51650.0 

2000 APR 

15.5 

51660.0 

2000 API 

25.5 

51670.0 

2000 MAY 

5.5 

51680.0 

2000 MAY 

15.5 

51690.0 

2000 MAY 

25.5 

51700.0 

2000 JUN 

4.5 

51710.0 

2000 JUN 

14.5 

51720.0 

2000 JUN 

24.5 

51730.0 

2000 JUL 

4.5 

51740.0 

2000 JUL 

14.5 

51750.0 

2000 JUL 

24.5 

5 1760.0 

2000 AUG 

3.5 

51770.0 

2000 AUG 

13.5 

51780.0 

2000 AUG 

23.5 

5 1790* 0 

2000 SEP 

2.5 

51800.0 

2000 SEP 

12.5 

5X810.0 

2000 SE» 

22.5 

51820.0 

2000 OCT 

2.5 

5 1830.0 

2000 OCT 

12.5 

51840.0 

2000 OCT 

22.5 

51050.0 

2000 NOV 

1.5 

51860.0 

2000 N3V 

11.5 

51870.0 

2000 MOV 

21.5 

51880.0 

2000 DEC 

1.5 

51090.0 

2000 DEC 

11.5 

51900.0 

2000 OEC 

21.5 

51910.0 

2001 JAM 

0.5 

51920.0 

2001 JAN 

10.5 

51930.0 

2001 JAN 

20.5 

51940.0 

2001 JAN 

30.5 

51950.0 

2001 FFB 

9.5 

51960.0 

2001 FEB 

19.5 

51970.0 

2001 MAR 

1.5 

51980.0 

2001 MAR 

11.5 

51990.0 

2001 MAR 

21.* 

52000. 0 

2001 APR 

0.* 

52010.0 

2001 APR 

10.5 

52020.0 

2001 APR 

20.5 

52030.0 

2001 MAY 

0.5 

5 2040. 0 

2001 MAY 

10.5 

520*0.0 

2001 MAY 

20.5 

52060.0 

2001 MAY 

30.5 

52070.0 

2001 JUN 

9.5 

57080.0 

2001 JUN 

19.5 

52090.0 

2001 JUN 

29.5 

52100.0 

2001 JUL 

9.5 

*2110.0 

2001 JUL 

19.5 

52120.0 

2001 JUL 

29.5 

52130.0 

2001 AUG 

8.5 

52140.0 

2001 AUG 

18.5 

52150.0 

2001 AUG 

28.5 

52160.0 

2001 SEP 

7.5 

52170.0 

2001 SEP 

17.* 

52180.0 

2001 SFP 

27.5 

52190.0 

2001 3CT 

7.5 

*2200.0 

2001 3CT 

17.5 

52210.0 

2001 3CT 

27.5 

52220.0 

2001 M3 V 

6.5 

52230.0 

2001 N3V 

16.5 

52240.0 

2001 M3 V 

26.5 

522*0.0 

2001 DEC 

6.5 

52260.0 

2001 DEC 

16.5 

52270.0 

2001 DEC 

26.5 

52280.0 

2002 JAM 

5.5 

52290.0 

2002 JAN 

15.5 

52300.0 

2002 JAN 

25.5 

*2310.0 

2002 FEB 

4.5 

52320.0 

2002 FEB 

14.5 

52330.0 

2002 FFB 

24.5 

52340.0 

2002 MAR 

6.5 

*2350.0 

2002 MAR 

16.5 

52360.0 

2002 MAR 

26.5 

52370.0 

200? APR 

5.* 

*2380.0 

2 002 APR 

15.5 

52390.0 

2002 APR 

25.5 


URANUS 

R LONS LAT RAS 


19.92 315.9 -0.68 184.6 

19.92 316.0 -0.6 8 104.6 

19.92 316.1 -0.68 184.5 

19.92 316.2 -0.69 184.5 

19.92 316.3 -0.69 184.5 

19.92 316.4 -0.69 184.5 

19.92 316.5 -0.69 184.5 

19.92 316.7 -0.69 184.4 

19.93 316.8 -0.69 184.4 

19.93 316.9 -0.69 184.4 

19.93 317.0 -0.69 184.4 

19.93 317.1 -0.69 184.4 

19.93 317.2 -0.69 184.3 

19.93 317.3 -0.69 184.3 

19.93 317.4 -0.69 184.3 

19.9 3 31 7. 5 -0.69 184.3 

19.93 317.6 -0.69 184.3 

19.93 317.7 -0.69 184.3 

19.94 317.8 -0.70 184.2 

19.94 318.0 -0.70 184.2 

19.94 318.1 -0. 70 184.2 

19.94 318.2 -0.70 184.2 

19.94 318.3 -0.70 184.2 

19.94 318.4 -0.70 184.1 

19.94 318.5 -0.70 184.1 

19.94 318.6 -0.70 184.1 

19.94 318.7 -0.70 184.1 

19.94 318.8 -0.70 184.1 

19.95 318.9 -0.70 184.0 

19.95 319.0 -0.70 184.0 

19.95 319. 1 -0. 70 184.0 

19.95 319.3 -0.70 184.0 

19.95 319.4 -0.70 184.0 

19.95 319.5 -0.70 184.0 

19.95 319.6 -0.71 183.9 

19.95 31 9. 7 -0.71 183.9 

19.95 319.8 -0.71 183.9 

19.95 319.9 -0.71 183.9 

19.96 320.0 -0.71 183.9 

19.96 320.1 -0.71 183-8 

19.96 320.2 -0.71 183.8 

19.96 320.3 -0. 71 183.8 

19.96 320.4 -0.71 183.8 

19.96 320.6 -0.71 183.8 

19.96 320. 7 -0.71 183.8 

19.96 320.8 -0. 71 l 83.7 

19.96 320.9 -0. 71 183.7 

19.96 321.0 -0. 71 1 83.7 

19.96 321.1 -0.71 183.7 

19.97 321.2 -0.71 183.7 

19.97 321.3 -0.71 183.6 

19.97 321.4 -0.71 183.6 

19.97 321.5 -0.72 183.6 

19.97 321.6 -0.72 183.6 

19.97 321.7 -0.72 183.6 

19.97 321.9 -0. 72 183.6 

19.97 322.0 -0.72 103.5 

19.97 322.1 -0.72 183.5 

19.97 322.2 -0.72 183.5 

19.97 322.3 -0. 72 183.5 

19.97 322.4 -0. 72 183.5 

19.98 322. 5 -0.72 183.4 

19.98 322.6 -0. 72 183.4 

19.98 322. 7 -0. 72 183.4 

19.98 322.8 -0.72 183.4 

19.98 322.9 -0. 72 183.4 

19.98 323. 0 -0. 72 183.4 

19.98 323.2 -0.72 183.3 

19.98 323.3 -0.72 183.3 

19.98 323.4 -0.72 183.3 

19.98 323. 5 -0. 72 183.3 

19.98 323.6 -0. 73 183.3 

19.98 323.7 -0. 73 183.3 

19.99 323.8 -0.73 183.2 

19.99 323.9 -0.73 183.2 

19.99 324.0 -0. 73 183.2 

19.99 324.1 -0.73 183.2 

19.99 324.2 -0. 73 1 83.2 

19.99 324.3 -0.73 183.2 

19.99 324.4 -0.73 183.1 

19.99 324.6 -0.73 183.1 

19.99 324.7 -0.73 183.1 

19.99 324.8 -0.73 183.1 

19.99 324.9 -0.73 183.1 

19.99 325.0 -0.73 183.0 


DECS 

CDIST 

R 

LONG 

30.0 

20.77 

30.10 

303.4 

29.9 

20.84 

30.10 

303.5 

29.8 

20.89 

30.10 

303.5 

29.7 

20.91 

30.10 

303.6 

29.5 

20.90 

30.10 

303.6 

29.5 

20.06 

30 .10 

303.7 

29.* 

20.80 

30.10 

303.7 

29.3 

20.71 

30.10 

303.8 

29.1 

20.60 

30.10 

303.9 

29.0 

20.47 

30.10 

303.9 

28.9 

20.32 

30 .10 

304.0 

23.3 

20. 15 

30.10 

304.0 

28.7 

20.00 

30.10 

304.1 

28.6 

19.83 

30.10 

304.2 

2 8.5 

19.67 

30.10 

304.2 

23.4 

19.51 

30.10 

304.3 

23.3 

19.36 

30.10 

304.3 

28.2 

19.23 

30.10 

304.4 

28.1 

19.12 

30.10 

304.5 

28.0 

19.03 

30.10 

304.5 

27.9 

18.97 

30.10 

304.6 

27.7 

13.93 

30.10 

304 .6 

27.6 

18.93 

30.10 

304.7 

27.5 

13.95 

30.10 

304.8 

27.4 

19.01 

30.10 

304.8 

27.3 

19.09 

30.10 

304.9 

27.2 

19.19 

30.10 

304.9 

27.1 

19.32 

30.10 

305.0 

27.0 

19.47 

30.10 

305.1 

26.9 

19.63 

30.10 

305.1 

26.8 

19.79 

00.10 

305.2 

25.7 

19.97 

30.10 

305.2 

25.6 

20.14 

30.10 

305.3 

26.5 

20.30 

30.10 

305.4 

26.4 

20.46 

30.10 

305.4 

26.2 

20.59 

30.09 

305.5 

26. L 

20.71 

30 .0 9 

305.5 

26.0 

20.81 

30.09 

30 5.6 

25.9 

20.88 

30.39 

30 5 .7 

25.8 

20.93 

30.09 

305.7 

25.7 

20.94 

30.09 

305.9 

25.6 

20.93 

30.09 

305.8 

25.5 

20.89 

30.09 

30 5.9 

25.4 

20.83 

30.09 

306.0 

25.3 

20.74 

30.09 

306.0 

25.2 

20.62 

33.09 

306.1 

25.1 

20.49 

30.39 

306.1 

25.0 

20.35 

30.09 

30 6.2 

24.9 

20.19 

30 .09 

306.3 

24.8 

20.02 

30 .09 

306.3 

24.5 

19 .86 

30.09 

30 6.4 

24.5 

19.69 

30.09 

306.4 

24.4 

19.53 

30 .09 

306.* 

24.3 

19.39 

30.09 

306.6 

24.2 

19.26 

30.09 

306.6 

24.1 

19.15 

30.0 9 

306.7 

24.0 

19.06 

30.09 

306.7 

23 .9 

19.00 

30.09 

306.8 

23.8 

1S.97 

30.09 

306.9 

23.7 

19.96 

30.09 

306.9 

23.6 

18.99 

30.09 

307.0 

23.5 

19.04 

33.39 

30 7.0 

23.4 

19.13 

30.09 

307.1 

23.3 

19.23 

33.09 

307. 1 

23.1 

19.36 

30.09 

307.2 

23.0 

19.51 

30 .09 

307.3 

2? .9 

19.67 

30.09 

30 7.3 

2? .8 

19.84 

30.09 

307.4 

22.7 

20.01 

30.09 

307.4 

22.6 

20.18 

30.0 9 

307.5 

22.5 

20.35 

30.09 

307.6 

22.4 

20.50 

30 .09 

307.6 

22.3 

20.64 

30.09 

30 7.7 

22.2 

20.75 

30.08 

307.7 

22.1 

20.85 

30.08 

30 7.8 

22.0 

20.92 

30.0 8 

307.9 

21.9 

20.96 

30.08 

30 7.9 

21.8 

20.98 

30.08 

308.0 

21.7 

20.96 

33 .08 

309.0 

21.5 

20.92 

30.08 

308.1 

21.4 

20.85 

30 .0 8 

308.2 

21.3 

20.76 

30 .00 

30 8.2 

21 .2 

20.65 

30 .08 

308.3 

21.1 

20.52 

30.08 

308.3 

21.0 

20.37 

30.08 

308.4 


NEPTUNE 

LAT RAS DECS COIST 


0.25 296.5 -26.2 31.04 
0.24 296.6 -26.2 31.08 
0.24 296.6 -26.2 31.09 
0.24 296.7 -26.2 31.07 
0.24 296.8 -26.1 31.02 

0.24 296.8 -26.1 30.95 
0.23 296.9 -26.1 30.85 
0.23 297-0 -26.1 30.73 
0.23 297.0 -26.1 30.59 
0.23 297.1 -26.1 30.43 

0.23 297.2 -26.1 30.27 
0.23 297.2 -26.1 30.10 
0.22 297.3 -26.0 29.93 
0.22 297.4 -26.0 29.77 
0.22 297.4 -26.0 29.61 

0.22 297.5 -26.0 29.47 
0.22 297.6 -26.0 29.34 
0.21 297.6 -26.0 29.24 
0.21 297.7 -26.0 29.16 
0.21 297.7 -25.9 29.11 

0.21 297.8 -25.9 29.08 
0.21 297.9 -75.9 29.09 
0.21 297.9 -25.9 29.12 
0.20 298.0 -25.9 29.19 
0.20 298.1 -25.9 29.28 

0.20 298.1 -25.9 29.39 
0.20 298.2 -25.9 29.52 
0.20 298.3 -25.6 29.67 
0.19 298.3 -25.8 29.83 
0.19 298.4 -25.8 30.00 

0.19 298.5 -25.8 30.18 
0.19 298.5 -25.8 30.34 
0.19 298.6 -25.8 30.51 
0.18 298.6 -25.8 30.65 
0.18 298.7 -25.7 30.78 

0.18 298.8 -25.7 30.90 
0.18 298.8 -25.7 30.98 
0.18 298.9 -25.7 31.0* 
0.18 299.0 -25.7 31.07 
0.17 299.0 -25.7 31.08 

0.17 299.1 -25.7 31.05 
0.17 299.2 -25.6 31.00 
0.17 299.2 -25.6 30.91 
0.17 299.3 -25.6 30.81 
0.16 299.4 -25.6 30. 6R 

0.16 299.4 -25.6 30.54 
0.16 299.5 -25.6 30.38 
0.16 299.5 -25.6 30.22 
0.16 299.6 -25.5 30.0* 
0.16 299.7 -25.5 29.88 

0.15 299.7 -25.5 29.72 
0.15 299.8 -25.5 29.56 
0.15 299.9 -25.5 29.43 
0.15 299.9 -25.5 29.31 
0.15 300.0 -25.5 29.21 

0.14 300.1 -25.4 29.14 
0.14 300.1 -25.4 29.09 
0.14 300.2 - 25.4 29.07 
0. 14 300.3 -25-4 29.09 
0.14 300.3 - 25.4 29.13 

0.14 300.4 -2 *. 4 29.70 
0.13 300.4 - 25.4 29.29 
0.13 300.5 -25.3 29.41 
0.13 300.6 -25.3 29.55 
0.13 300.6 -25.3 29.70 

0.13 300.7 -25.3 29.87 
0.12 300.8 -25.3 30.04 
0.12 300.8 -25.3 30.21 
0.12 300.9 -25.3 30.38 
0.12 301.0 -25.2 30.53 

0.12 301.0 -25.2 30.68 
0.11 301.1 -25.2 30.81 
0.11 301.2 -25.2 30.91 
0.11 301.2 -25.2 30.99 
0.11 301.3 -25.2 31.04 

0.11 301.3 -25.2 31.07 
0.11 301.4 -25.1 31.06 
0.10 301.5 -25.1 31.03 
0.10 301.5 -25.1 30.97 
0.10 301.6 -25.1 30.88 

0.10 301.7 -25.1 30.77 
0.10 301.7 -25.1 30.64 
0.09 301.8 -25.0 30.49 
0.09 301.9 -25.0 30.33 
0.09 301.9 -25.0 30.17 


PLUTO 

R LONS LAT RAS DECS COIST 


30.13 250.3 11.15 204.8 0.0 30.93 
30.13 250.3 11.13 204.9 0.0 30.82 

30.13 250.4 11.12 204.9 0.0 30.70 

30.14 250.5 11.10 205.0 0.0 30.56 
30.14 250.5 11.09 205.1 0.0 30.40 

30.14 250.6 11.07 205.1 0.0 30.24 

30.14 250.7 11.06 205.2 0.0 33.08 

30.15 250.7 11.04 205.3 0.0 29.91 
30.15 250.8 11.03 205.3 0.0 29.75 

30.15 250.9 11.01 205.4 0.0 29.61 

30.16 250.9 11.00 205.5 0.0 29.48 
30.16 251.0 10. 98 205.5 0.0 29.37 

30.16 251.0 10.97 205.6 0.0 29.28 

30.17 251.1 10.95 205.7 0.0 29.22 
30.17 251.2 10.94 205.7 0.0 29.18 

30.17 2 51.2 1 0. 92 2 05.8 0. 0 2 9.18 

30.17 251.3 10.91 2 05.9 0.0 29.20 

30.18 251.4 10.89 205.9 0.0 29.25 
30.18 251.4 10. 88 206.0 0.0 29.33 

30.18 251.5 10.86 206.1 0.0 29.43 

30.19 2 51.6 1 0. 84 2 06.1 0.0 29.55 
30.19 251.6 10.83 206.2 0.0 29.69 

30.19 251.7 10.81 206.3 0.0 29.85 

30.20 251.8 10. 80 206.3 0.0 30.01 
30.20 251.8 10.78 206.4 0.0 30.18 

30.20 251.9 10.77 206.5 0.0 30.35 

30.21 252.0 10. 75 206.5 0.0 30.51 
30.21 252.0 10.74 206.6 0.0 30.67 

30.21 252.1 10.72 206.7 0.0 30.81 

30.22 252.2 10.71 206.7 0.0 30.93 

30.22 252.2 10.69 2 06.8 0.0 31.04 

30.22 252.3 10.68 206.9 0.0 31.12 

30.23 252.3 10.66 206.9 0.0 31.17 
30.23 252.4 10.65 207.0 0.0 31.20 
30.23 252.5 10.63 207.1 0.0 31.19 

30.23 252.5 10.62 207.1 0.0 31.16 

30.24 252.6 10.60 207.2 0.0 31.10 
30.24 2*2.7 10.58 207.2 0.0 31.02 

30.24 252.7 10.57 207.3 0.0 30.91 

30.25 252.8 10.55 207.4 0.0 30.78 

30.25 252.9 10.54 207.4 0.0 30.64 

30.25 252.9 10.52 2Q7.5 0.0 30.48 

30.26 253.0 1 0.51 207.6 0.0 30.32 
30.26 253.1 10.49 207.6 0.0 30.15 

30.26 253.1 10.48 207.7 0.0 29.99 

30.27 253.2 10.46 207.8 0.0 29.8 3 
30.27 253.3 10.45 207.8 0.0 29.69 

30.27 253.3 10.43 2 07.9 0.0 29.56 

30.28 253.4 10.41 208.0 0.0 29.46 
30.28 253.4 10.40 208.0 0.0 29.38 

30.28 253.5 10.38 208.1 0.0 29.37 

30.29 253.6 10.37 208.2 0.0 29.29 
30.29 253.6 10.35 208.2 0.0 29.30 

30.29 253.7 10.34 208.3 0.0 29.33 

30.30 253.8 10.32 200.4 0.0 29.38 

30.30 253.8 10.31 208.4 0.0 29.47 
30. 30 253.9 10.29 200.5 0.0 29.57 

30.31 754.0 10.27 208.6 0.0 29.70 
30.31 254.0 10.26 208.6 0.0 29.85 
30.31 254.1 10.24 208.7 0.0 30.00 


3 0.32 254.2 
30.3? 254.2 

30.32 254.3 

30.33 254.3 
30.33 254.4 

30.33 254.5 

30.34 25*. 5 

30.34 254.6 

30.35 254.7 
30.35 254.7 

30.35 2*4.8 

30.36 254.9 
30.36 254.9 

30.36 255.0 

30.37 255.1 


10.23 208.8 
10.21 2 08.8 
10.20 208.9 
10.18 208.9 

10.1 6 209.0 

10.15 209.1 
1 0.1 3 209.1 
10.12 209.2 
10.10 209.3 
10.09 2 09.3 

10.07 209.4 
10.06 209.5 
10.04 209.5 

10.02 209.6 
10.01 209.7 


0.0 30.17 
0.3 30.34 
0.0 30.51 
0.0 30.67 
0.0 30.83 

0.0 30.96 
0.3 31.08 
0.0 31.18 
0.0 31.26 
0.0 31.30 

0.0 31.32 
0.0 31.31 
0.0 31.28 
0.0 31.21 
0.0 31.12 


30.37 255.1 

30.37 255.2 

30.38 255.2 
30.38 255.3 
30.38 25*. 4 


9. <59 2 09.7 
9.98 2 09.8 
9.96 209.9 
9.94 209.9 
9.93 210.0 


0.0 31.01 
0.0 30.37 
0.0 30.73 
0.0 30.57 
0.0 30.40 


30.39 255.4 
30.39 255.5 

30.39 255.6 

30.40 255.6 
30.40 255.7 


9.91 210.1 
9.90 210.1 
9.88 210.2 
9.87 210.2 
9.85 210.3 


0.0 30.24 
0.0 30.08 
0.0 29.92 
0.0 29.78 
0.0 29.66 
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Section 3 

SINGLE-PLANET SWINGBY MISSION CONTOUR CHARTS 

The single-planet (Jupiter) swingby trajectory data are presented graphically 
in this section. The data provide the means to ascertain regions of interest 
within a particular launch opportunity and to determine the gross variations 
of energy requirements as a function of launch year. 

There are five charts for each target planet. These span the launch years 
1976-1980 for Saturn (Figures 3-1 through 3-5), 1978-1983 for Uranus and Neptune 
(Figures 3-6 through 3-15) and 1976-1980 for Pluto (Figures 3-16 through 3-20). 
Although launch opportunities exist for swingby missions before and after these 
opportunities, they are of no interest in mission planning. The earlier launch 
opportunities are characterized by long flight times and narrow launch windows. 
For the later launch opportunities, the flight time/energy requirements are 
inferior to the requirements for direct trips. 

A launch opportunity is defined as occurring in the year in which the minimum 
departure energy missions are found. This classification is necessary since 
missions to Jupiter departing around 1980 have launch windows which encompass 
parts of two calendar years. Actually, all launch opportunities within the 
time periods given above are included in this data. The charts show contours 
of constant Earth departure hyperbolic excess speed, target planet arrival 
excess speed, perijove radius, and the date of swingby as a function of the 
dates of Earth departure and target planet arrival. The 180° transfer ridge, 
denoted by the heavy solid line running diagonally up each chart, applies to 
the Earth-Jupiter transfer leg. 

In the patched conic analysis used to obtain the data in this handbook, the 
sole effect of a swingby is assumed to be the rotation of the spacecraft s 
velocity vector (specifically, the hyperbolic excess velocity vector). Since 
no perturbation of the velocity magnitude is allowed, the incoming and outgoing 
hyperbolic excess speeds at the encounter planet must be equal in order for a 
swingby to occur. In general, this equality can be satisfied on several 


52 



different swingby dates given a particular Earth departure date and a target 
planet arrival date; that is, multiple solutions are possible. Most of the 
data included in this handbook belong to two families of solutions although, 
as will be discussed later, additional families exist. 

As mentioned in Section 1, the primary advantage of the swingby mode over the 
direct mode lies in the flight time reduction which can be obtained. Hiis 
reduced flight time is made possible, of course, by the heliocentric energy 
gain resulting from the close Jupiter encounter. Hie maximum gain in energy 
occurs when the outgoing hyperbolic excess velocity and the planet's heliocen- 
tric velocity are parallel. However, this condition is usually unattainable 
or undesirable from the standpoint of satisfying the mission objectives. For 
the swingby missions considered here, the turn angle (the angle through which 
the excess velocity vector is rotated during encounter) and, thus, the energy 
gain are completely specified by the mission. That is, once the dates of 
Earth departure and target planet arrival are chosen, the required trajectories 
between Earth-swingby planet and swingby planet-target planet are completely 
determined (as mentioned previously, there may be more than one solution). 

With the two transfer legs specified, the turn angle at encounter is also 
defined. The energy gain required for these swingby missions will, therefore, 
be primarily a function of the relative planetary geometry of the launch 
opportunity. Nevertheless, the energy gain for these practical missions is 
usually sufficient to yield trajectories after planet encounter that are hyper- 
bolic with respect to the sun. 

Due to the small relative motion between Jupiter and the remaining outer planets, 
several adjacent launch years for swingby missions are available during every 
Jupiter- target planet synodic period. Hie first attractive opportunity will 
appear when the angular separation between Jupiter and the target planet is 
small enough to permit missions which do not impact Jupiter and arrive at the 
target planet in a reasonable amount of time. With each later launch opportunity 
within this period, the angular separation of Jupiter relative to the target 
planet becomes smaller. As the separation decreases, the post- encounter helio- 
centric velocity of the transfer trajectory must possess a larger radial com- 
ponent. Hiis implies that a smaller turn angle is required at encounter and 
as a result, that less gain in heliocentric energy is obtainable from the 
swingby. This, in turn, implies that the Earth departure energy will have to 
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increase in order to provide the necessary energy to perform the mission in the 
desired flight time. This trend continues until the effect of the Jupiter 
encounter is negligible or, equivalently, the post- encounter heliocentric tra- 
jectory approaches a direct (single leg) Earth-target planet trajectory. 

Evidence of these phenomena can be seen in the graphical data contained xn this 
section. The earliest launch years for swingby missions to a particular target 
planet exhibit the lowest Earth departure energy requirements, coincident with 
the largest angular separation of Jupiter and the target planet. The large 
turn angles required for these early missions also result in small passage 
distances at Jupiter. In fact, the requirement that the periapsis radius be 
at least one planetary radius in order to perform the mission eliminates many 
of the short flight time missions from consideration. This occurs for missions 
to each of the target planets during the first two attractive launch opportunities. 
With progressing launch year the required turn angles decrease (as indicated by 
the increasing periapsis radii) and the departure energy increases. This trend 
reaches its peak at the last reasonable launch opportunity within a Jupiter- 
target planet synodic period. Considering swingby missions to the four target 
planets during the last available opportunity, only those to Pluto are superior 
to the direct mode. 

All of the graphical data which follow belong to two families of swingby solu- 
tions. The first of these families is typified by Type I Earth- Jupiter trans- 
fers, the other by Type II Earth- Jupiter transfers. In either case, the Jupiter- 
target planet trajectories are Type I. In addition to these, six other families 
of solutions were found in the range of dates investigated for the preparation 
of this handbook. TWo of these solutions are always paired: one Type I, one 

Type II Earth-Jupiter near-180° transfer. These missions have Type I Jupiter- 
target planet transfers and are usually associated with the nominal Type I 
(Earth-Jupiter) family. Due to the location of these missions near the 180 
transfer ridge, the Earth departure excess speeds are generally prohibitive. 

The remaining four families are also part of a set in which both Type I and 
Type II Earth-Jupiter are paired with near- 180° TyP e I an d Type II Jupiter- 
target planet transfers. Although these missions are characterized by favor- 
able Earth departure excess speed requirements and departure windows, the 
flight time associated with these missions are generally too long to make them 
of practical interest. 
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CONTOUR CHARTS FOR 
JUPITER SWINGBY MISSIONS TO SATURN 
1976 - 1980 
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1976-1980 Earth-Saturn Missions Using Jupiter Swingby 


These missions exhibit the lowest Earth departure energy requirements of the 
available outer planet swingby missions. The minimum excess speed requirements 
range from about 0.31 EMOS in 1976 and 1980 to about 0.32 EMOS in 1978. Exten- 
sive regions exist about these minimutn points for which the departure excess 
speeds are less than that required for a direct Hohmann transfer to Saturn. 

The minimum flight times associated with these "sub-Hohmann" regions are 
generally greater than 1200 days for all launch opportunities, varying from 
about 1180 days in 1978 to 2270 days in 1980. Since the Hohmann transfer is 
often not representative of the actual minimum energy mission during a parti- 
cular launch year, the swingby mission flight time/energy requirements were 
compared with those for actual direct missions in the launch years from 1976 
to 1980. This indicates that for launches from 1977 to 1979 the swingby mode 
exhibits shorter flight times than the direct mode at low departure energies 
although as the energy is increased the flight time advantage of swingby 
rapidly decreases. For example, at energy levels corresponding to the actual 
minimum departure energy for a direct mission (about 0.385 EMOS), the flight 
time advantage of a swingby is about 250 days in 1977, 400 days in 1978, and 
370 days in 1979. When the excess speed is increased to 0.5 EMOS the differ- 
ence between swingby and direct decreases to about 30 days in 1978 and 50 days 
in 1979. For launches in 1977 at this energy the swingby flight time is about 
50 days longer than the direct. 

For launches in 1976 and 1980 the situation is somewhat different than that 
for launches from 1977 to 1979. In 1976 the flight time is restricted to 
values greater than 1300 days by the low periapsis radius at Jupiter. At this 
flight time the swingby mission departure energy is less than the minimum direct 
energy requirement and a flight time comparison similar to that in the pre- 
ceding paragraph is not possible. In 1980 a flight time comparison shows that 
the direct mode is equal or superior to the swingby mode at departure excess 
speeds down to about 0.38 EMOS. At this departure excess speed (0.38 EMOS), 
which corresponds to the value for the minimum energy direct mission (TyP e I)> 
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the flight time for both the direct and swingby modes is about 1480 days (4 
years). For longer flight times, the swingby mode is more favorable since the 
departure energy contines to decrease while the energy requirement for the 
direct missions are slowly increasing. 

The approach and encounter conditions for missions in 1976 and 1977 show consi- 
derable variation. At flight times greater than about 2000 days in 1976 and 
about 3100 days in 1977, all missions (both Type I and Type II) approach Jupiter 
from the dark side. The Jupiter encounters for these missions remain the same 
as for the lightside approaches: posigrade, low equatorial inclination. How- 

ever, the darkside approach is followed by a perijove passage on the light side 
of the planet, while just the opposite holds true for the lightside approach. 

The combination of moderate perijove radii and low departure energies for these 
two launch opportunities is the most favorable available. The regions in which 
the departure excess speed is equal to or less than the Hohmann value yields 
passages at 1 to 3 planet radii and flight times from 1300 to 2100 days in 
1976. In 1977 the range is 5 to 20 planet radii at flight times from 1100 days 
to more than 3000 days. 

Missions in 1978 and 1979 are generally characterized by posigrade encounters 
having both a lightside approach and a lightside perijove. These missions 
exhibit the best flight time improvements over direct missions of the five 
launch years condisered; however, this could, in effect, be cancelled by the 
large perijove radii associated with departure in these launch years which 
reduces the planetary reconnaissance potential of the encounter at Jupiter. 

Missions in 1980 present an interesting situation. These missions (both Type I 
and Type II) progress from encounters characterized by retrograde, low inclina- 
tion hyperbolas to encounters having posigrade, low inclination hyperbolas. At 
flight times of about 2200 days and more, all the encounter trajectories are 
posigrade. As the missions change from retrograde to posigrade, the equatorial 
inclination increases to values near 90 . All trajectories approach Jupiter 
from the lightside with the sub-perijove point on the darkside for the retro- 
grade passage, and on the lightside for the posigrade passages. 

Within the range of dates shown on the contour charts there exists an alternate 
"family" of missions which is not shown since this family is not as extensive 
as the one shown. Certain missions of this family are, however, listed in the 
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tabular data. This family is typified by near-180° transfers between Jupiter 
and Saturn. They are observed to occur in 1976 and 1980; however, there is no 
reason to assume they do not exist in the other launch opportunities as well. 

In general, the Jupiter encounter trajectories exhibit the following charac- 
teristics as flight time increases: the encounter inclination gradually 

changes from near polar retrograde to near polar posigrade, the asymptote 
approach direction shifts from lightside to darkside, and the perijove location 
moves from dark to light side. The Jupiter-Saturn transfers are, of course, 
rather highly inclined, with large asymptote declinations at Saturn. These 
missions occur at long total flight times (around 4000 days in 1976 and 6000 
days in 1980) which minimizes their desirability. In 1976, however, they do 
have significantly lower departure energies than the nominal missions of similar 
flight time illustrated in the contour chart. In fact, the minimum Earth depar- 
ture energy for these alternate missions is the same as the minimum departure 
energy associated with the nominal missions. This occurs since they both use 
the same Earth- Jupiter transfer leg. 
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FIGURE 3-1 SATURN MISSIONS USING JUPITER SWINGBY (1976) 
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FIGURE 3-3 SATURN MISSIONS USING JUPITER SWINGBY <1978) 
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FIGURE 3-4 SATURN MISSIONS USING JUPITER SWINGBY (1979) 
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FIGURE 3-5 SATURN MISSIONS USING JUPITER SWINGBY (1980) 


CONTOUR CHARTS FOR 
JUPITER SWINGBY MISSIONS TO URANUS 
1978 - 1983 
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1978-1983 Earth-Uranus Missions Using Jupiter Swingby 


The minimum excess speed required for actual direct missions (Type I) to 
Uranus during this time period is about 0.38 EMOS with an associated flight 
time of about 3900 days (10.7 years). Jupiter swingby missions can signifi- 
cantly reduce this time to about 1800 days in 1979 and 2000 days in 1980 for 
the same departure energy. As the departure energy is increased the flight 
time improvement attainable with the swingby mode for launches in 1979 and 1980 
decreases rapidly to about 1000 days for an Earth departure excess speed of 
0.4 EMOS and 250 days for departure at 0.5 EMOS. In the 1978 launch opportunity 
the limiting value of periapsis radius (1.0 planet radii) restricts the flight 
time to values greater than 1950 days. At this flight time the minimum depar- 
ture excess speed is about 0.38 EMOS. which is approximately equal to the mini- 
mun excess speed required for a direct trip. The swingby flight time at this 
departure energy is about 1900 days less than the direct flight time. 

As the launch year progresses from 1980 to 1983 the relative alignment of 

Jupiter and Uranus becomes unfavorable. The net effect of this is to render 

* 

the 1983 launch opportunity non-competitive with direct missions to Uranus . 

Hie minimum flight time, using swingby is greater than the minimum direct 
flight time throughout the range of equivalent energy levels covered on the 
contour chart. The flight times for the 1982 missions are also unfavorable 
(as compared to those in the preceding launch years) although they are slightly 
superior to the transfer times for direct missions of equal departure energy. 

The swingby missions to Uranus included in this report are generally character- 
ized by a lightside approach to Jupiter. The only exceptions are some of the 
long flight time missions in the 1978 launch opportunity. The encounter tra- 
jectories in the 1978-1982 launch opportunities are posigrade, with the sub- 
perijove point progressing from the darkside to the lightside of Jupiter as 
flight time increases. Specifically the periapses are all darkside (for the 
missions in this report) up to flight times of about 2750 days in the 1978 

The 1983 launch was included to demonstrate effect of increasing launch year 
on swingby mission requirements* 


67 



launch opportunity. For the remaining launch years this flight time limit for 
a darkside periapsis decreases with launch year to about 2200 days in 1979, 

1650 days in 1980, and less than 1600 days in 1982. 

With respect to passage conditions, the 1983 launch opportunity is considerably 
different from the four previous launch years. The relative positions of 
Jupiter and Uranus can lead to encounters which are retrograde at Jupiter. 

For a constant arrival date, the launch window contains trajectories which have 
low inclination retrograde encounters and low inclination posigrade encounters, 

x ' ri_ ~ r ' ' ' 

the retrograde encounters being associated with departures in the middle of the 
launch window. There is a transition phase between these two types of low 
inclination encounters during which the equatorial inclination passes through 
90°. As the flight time increases, the departure launch window associated with 
the retrograde passages decreases in extent, until at flight times of around 
6500 days all encounters are posigrade. The retrograde encounters are darkside 
perijove, while the posigrade are lightside. 
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FIGURE 3-6 URANUS MISSIONS USING JUPITER SWINGBY (1978) 
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FIGURE 3-7 URANUS MISSIONS USING JUPITER SWINGBY (1979) 
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FIGURE 3-8 URANUS MISSIONS USING JUPITER SWINGBY (1980) 
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FIGURE 3-9 URANUS MISSIONS USING JUPITER SWINGBY (1982) 







CONTOUR CHARTS FOR 
JUPITER SWINGBY MISSIONS TO NEPTUNE 
1978 - 1983 
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1978-1983 Earth- Neptune Missions Using Jupiter Swingby 


The minimum requirement for actual direct missions to Neptune in this period 
is about 0.39 EMOS excess speed at Earth departure with an associated flight 
time of about 8200 days (22.5 years). At the same departure energy, this 
time can be reduced (with a Jupiter swingby) to about 2700 days (7.4 years) 
in 1979 and 1980 and 3600 days (9.9 years) in 1982. At a departure excess 
speed of 0.5 EMOS the time to Neptune, using a swingby, is about 2000 days 
(5.5 years) in 1980 and 1982 compared to a direct flight of about 2700 days. 

It should be noted that for missions departing Earth in 1978 and 1979 the 
restriction on the periapsis at Jupiter places a lower limit on the flight 
time. This limit is about 4000 days (11.0 years) in 1978 and 2300 days (6.3 
years) in 1979. 

As the launch year progresses from 1980 to 1983 the relative alignment of 
Jupiter and Neptune becomes unfavorable. In 1983 the flight times using 
Jupiter swingby are greater than the direct flight time for equal departure 
energies. The 1982 launch opportunity opportunity exhibits significantly 
longer flight times than the earlier swingby launch opportunities; however, 
the flight times are still considerably shorter than for the available direct 
missions. 

All of these missions are characterized by approaches to Jupiter from the 
lightside, with the exception of a limited number of long flight time trajec- 
tories in the 1978 launch opportunity. The subperijove point progresses from 
the darkside to the lightside as the flight time increases for missions in the 
launch years 1978 to 1982. The upper limit on flight time for which the peri- 
jove locations are all darkside decreases from about 4800 days in 1978 to less 
than 2500 days in 1982. The encounter trajectories for these four launch years 
are all of low inclination, posigrade motion. In the 1983 launch opportunity 
the planetary alignments are such that many of the encounters are retrograde. 
The retrograde encounter trajectories are generally of low inclination with 
darkside perijove locations and occur on Type I Earth- Jupiter transfers. Those 
few Type II transfers which pass Jupiter retrograde are near-polar, high 
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passage radius encounters. The retrograde encounters occur throughout the 
range of flight times shown on the contour chart. 
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FIGURE 3-11 NEPTUNE MISSIONS USING JUPITER SWINGBY (1978) 
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FIGURE 3-13 NEPTUNE MISSIONS USING JUPITER SWINGBY (1980) 
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FIGURE 3-14 NEPTUNE MISSIONS USING JUPITER SWINGBY (1982) 
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FIGURE 3-15 NEPTUNE MISSIONS USING JUPITER SWINGBY (1983) 



CONTOUR CHARTS FOR 
JUPITER SWINGBY MISSIONS TO PLUTO 
1976 - 1980 
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1976-1980 Earth-Pluto Missions Using Jupiter Swingby 

All launch opportunities contain regions in which the departure excess speed is 
less than that required for direct Hohmann transfers. The minimum flight times 
associated with a departure excess speeds equal to that for direct Hohmann 
transfers vary from about 2600 days (7.'1 years) in 1977 to about 6000 days 
(16.4 years) in 1980. If the departure energy is increased to 0.5 EMOS, the 
minimum flight times can be reduced to between 5.4 years (in 1978) and 7.5 
years (in 1980). This can be compared to a direct flight time of greater than 
30 years for a similar Earth departure energy. Also, as can be seen in the 
contour charts for 1976 and 1977, the minimum allowable perijove radius (1.0 
planet radii) in those years places a lower limit on the flight time to Pluto 
obtainable using a Jupiter swingby. Ihis is about 3800 days (10.4 years) in 
1976 and 2300 days (6.3 years) in 1977. 

For the missions included on the contour charts, the approach to Jupiter is 
lightside, with the sub-perijove point progressing from the darkside to the 
lightside as flight time increases, ftie first appearance of a lightside peri- 
jove varies with launch year, occuring at flight times of about 6000 days in 
1976, 5300 days in 1977, 4600 days in 1978, and 3100 days in 1979. For launches 
in 1980 the appearance of lightside perijove occurs at flight times around 4800 
days. The high heliocentric latitude of Pluto throughout the arrival dates 
included in these missions causes the Jupiter-Pluto transfers to have relatively 
high inclinations. These are on the order of 10° to 20° in the years 1976 to 
1979 and 10° to 40° in 1980. Associated with these inclinations are highly 
inclined encounter trajectories at Jupiter. For the launch years 1976 to 1979, 
the encounter inclination lies within the bounds of 20° to 60°. In 1980 the 
situation is somewhat different. The minimum planetary encounter inclination 
is about 30°; however, many of the Type I (Earth- Jupiter leg) missions up to 
about 6000 days duration have near polar planetary inclinations. These missions 
are in the region of the minimum departure excess speed and include both posi- 
grade and retrograde passages. 
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As in the case for swingby missions to Saturn, there exists an alternate 
"family" of swingby missions to Pluto which is not shown since this family is 
not as extensive as the one shown. These are observed to occur only in the 
1976 launch opportunity; however, they may also occur in 1977. It would seem 
unlikely that they exist for other years, based on the consideration of flight 
time and relative planetary alignment. These alternate missions are charac- 
terized by long flight times (greater than 9000 days) and retrograde, high 
inclination encounters at Jupiter. The post- encounter heliocentric trajectories 
are also highly inclined. Due to the long flight time and high energy require- 
ments of these missions, they are of no interest in mission planning. 
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FIGURE 3-16 PLUTO MISSIONS USING JUPITER SWING BY (1976) 
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FIGURE 3-17 PLUTO MISSIONS USING JUPITER SWINGBY (1977) 
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FIGURE 3-18 PLUT0MISSI0NS USING JUPITER SWINGBY (1978) 
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FIGURE 3-20 PLUTO MISSIONS USING JUPITER SWINGBY (1980) 



Section 4 

MULTIPLANET SWINGBY MISSION CONTOUR CHARTS 

The graphical trajectory data for the 1976-1980 outer planet grand tour missions 
are presented in this section. There are a total of 20 charts, with 4 charts 
for each launch year. The coordinate axes of each chart are Earth departure 
date and Neptune arrival date. The first chart of each set of 4 contains con- 
tours of constant Earth departure excess speed and Neptune arrival excess 
speed. The three remaining charts repeat the Earth departure excess speed con- 
tours of the first chart and overlay contours of constant periapsis radius and 
swingby date for Jupiter, Saturn, and Uranus, respectively. The 180 transfer 
ridge, denoted by the heavy solid line running diagonally up each chart, 
applies to the Earth- Jupiter transfer leg. All graphical data for those missions 
in a particular launch year which would impact the surface of one of the swingby 
planets are omitted. The 1.0 periapsis radius contour which establishes this 
limit in a particular launch year is drawn on each of the four charts of that 
launch year. 

The comments in Section 1 and Section 3 concerning Jupiter swingby missions 
can, in general, be applied to these missions. In fact, the grand tour can be 
defined as an Earth-Jupiter-Saturn single-planet swingby in which the arrival 
at Saturn, instead of being unconstrained, is adjusted to achieve the post- 
encounter conditions required for a trajectory to Uranus. A comparison of the 
Earth departure excess speed contours in this section with the contours in 
Section 3 for single-planet swingbys to Saturn substantiate this relationship. 
This would imply that most Jupiter swingbys to Saturn in this time period 
could be extended into grand tour missions. 

The grand tour missions of practical interest will be those which minimize the 
flight time to Neptune; the data contained in the contour charts applies to 
these "short" flight time missions. The flight times shown vary from about 8 
years to an arbitrarily imposed limit of about 25 years. The Earth departure 
energy requirements which result reflect the requirements of the short flight 
time Earth-Jupiter-Saturn single-planet swingby missions. Thus the most 
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favorable grand tour launch opportunity (in terms of departure energy) is 1976.* 
The departure requirements increase throughout the remaining launch years, the 
1980 departures exhibiting the most severe departure energy requirements. 

TVo restrictions on the radius of the Saturn encounter hyperbola have the great- 
est effect on the characteristics of the grand tour missions. Ihe first restric- 
tion is that the periapsis radius be greater than one planet radii; the second 
concerns avoiding the rings of Saturn. Considering the first restriction, as 
can be seen in the figures which follow, the periapsis radius at Saturn encounter 
establishes the minimum possible flight time to Neptune. This is the case in 
launch opportunities, although for 1976 launches, the periapsis radius at 
Jupiter constrains the flight time across most of the departure window. The 
minimum flight time for all launch years occurs in 1979 and is about 7.8 years 
although the minimum flight time for departures in 1978 is almost as short. 

Uiis flight time is only about 450 days longer than the best single-planet swingbys 
to Neptune occuring during this time period but is about 9 years shorter than 
a direct transfer of equivalent energy. 

Although it is not indicated on the contours, the planetocentric radius at which 
the Saturn encounter hyperbola intersects the equatorial plane is a critical 

*fdc 

parameter in determing mission feasibility. The rings of Saturn lie in the 
equatorial plane of the planet at distances from about 1.2 planet radii to 2.3 
planet radii. Present estimates of the composition of the rings indicate that 
a spacecraft will be unable to successfully penetrate this satellite system. 

Thus only those missions are possible for which the periapsis radius at Saturn 
exceeds 2.3 radii or for which the radius of equatorial intersection of the 
encounter hyperbola is less than about 1.2 planet radii. This effectively limits 
the available missions to a narrow "window" of minimum flight time missions 
passing close to the surface of Saturn and a region of long flight time missions 
passing outside the rings. The shortest flight time for missions passing out- 
side the Saturn ring system is on the order of 10.5 years. 

The periapsis distances at Jupiter and Uranus also exert an influence on these 
missions; however, with the exception of launches in 1976, the influence is 

^Missions are also available in the 1975 launch opportunity; however, they are 
characterized by long flight times and narrow launch windows. 

**This parameter is given in the tabular data contained in the Supplement to 
this volume. 
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not in the restrictive manner of the periapsis radius at Saturn. The periapsis 
radius at Jupiter increases markedly with increasing launch year, following 
the same trend as in the single-planet swingby missions to Saturn. The minimum 
periapsis radius increases from about 1 radius in 1976 to more than 30 radii 
for launches in 1979 and 1980. The periapsis radius at Uranus also increases 
with launch year but not as radically as does the perijove radius. These 
large passage distances at Jupiter (and Uranus) make the 1979 and 1980 launch 
opportunities rather unfavorable from the standpoint of effective planetary 
reconnaissance. 

The heliocentric phases of these missions are generally characterized by low 
inclination, high energy (usually hyperbolic) transfer conics. The transfer 
legs are all Type I except certain transfers between Earth and Jupiter .for 
which Type II legs also exist. The eccentricities of these transfer conics 
vary considerably. For all launch years the Earth- Jupiter transfers are 
usually high eccentricity ellipses, except for some of the short flight time 
missions which are hyperbolic. The Saturn-Uranus and Uranus -Neptune legs in 
the launch years 1976-1978 are all hyperbolic for the range of trip times 
included on these contour charts. These same legs, in 1979 and 1980, are 
hyperbolic in the flight time region of greatest interest but do become 
elliptical at flight times (to Neptune) of around 7000 days in 1979 and 6700 
days in 1980. The Jupiter- Saturn transfers are generally hyperbolic at the 
shorter flight times and progressively decrease in eccentricity as flight time 
is increased. They become elliptical at mission times ranging from about 5200 
days (1976 launches) to about 3100 days (1980 launches). 

The approach and encounter conditions at Jupiter are the same as those described 
in Section 3 for the single-planet swingby missions to Saturn. For the 
remaining planets, the approach to the planet is from the lightside with, in 
general, a darkside periapsis. The encounters, at all the planets, are posi- 
grade (trailing edge) except at Jupiter for launches in 1980. Technically, 
the passages at Uranus are also retrograde (due to Uranus' high obliquity); 
however, the passages are behind the trailing edge of the planet as viewed from 
the Sun and would normally be classed as posigrade. 
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FIGURE 4-lb OUTER PLANET GRAND TOUR-JUPITER ENCOUNTER (1976) 
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FIGURE 4-lc OUTER PLANET GRAND TOUR-SATURN ENCOUNTER 11976) 
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FIGURE 4-ld OUTER PLANET GRAND TOUR-URANUS ENCOUNTER (1976) 
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FIGURE 4-2b OUTER PLANET GRAND T0UR-JUP1TER ENCOUNTER (1977) 
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FIGURE 4-2c OUTER PLANET GRAND TOUR-SATURN ENCOUNTER (1977) 
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FIGURE 4-2d OUTER PLANET GRAND TOUR-URANUS ENCOUNTER (1977) 
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FIGURE 4-3a OUTER PLANET GRAND TOUR (1978) 
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FIGURE 4-3b OUTER PLANET GRAND TOUR-JUPITER ENCOUNTER (1978) 


FIGURE 4-3c OUTER PLANET GRAND TOUR-SATURN ENCOUNTER (1978) 
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FIGURE 4-3d OUTER PLANET GRAND TOUR-URANUS ENCOUNTER (1978) 
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FIGURE 4-4c OUTER PLANET GRAND TOUR-SATURN ENCOUNTER (1979) 
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FIGURE 4-4d OUTER PLANET GRAND TOUR-URANUS ENCOUNTER (1979) 
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FIGURE 4-5b OUTER PLANET GRAND TOUR-JUPITER ENCOUNTER (1980) 
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FIGURE 4-5(1 OUTER PLANET GRAND TOUR-URANUS ENCOUNTER (1980) 
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APPENDIX 

MAGNETIC TAPE DATA DESCRIPTION 

The magnetic tape contains a data record for each trajectory contained in the 
tabular data in the Supplement. In order to make the tape compatible with the 
7090/7094 DCS (and at the same time usable with "third generation" computers) 
a blocked, BCD tape format was used. The tape is set up as follows: 

1. 7-track 

2. blocked BCD 

3. 20 records per block 

4. 132 characters per record 

An identification record precedes each set of data associated with a particular 
launch opportunity and target planet, and an end-of-file separates the single- 
planet swingby data from the grand tour data. Other than this, the data con- 
tained on the tape is the same as that printed in the tabular listings (exclud- 
ing, of course, the parameter headings and separate arrival date). There are 
three data records per single-planet swingby mission and eight data records 
per grand tour mission. 

The identification record is composed of a 4-digit integer defining the launch 
year (i.e., 1976, 1977, etc.), a 2-digit integer defining the target planet, 
and an integer indicating the number of data records following the identifica- 
tion record. The following planet indices are used: 

6 = Saturn 

7 = Uranus 

8 = Neptune 

9 = Pluto 


88 = Grand 

Tour Missions 


identification record format is: 



Character Number 

Field 

Definition 

1 

blank 


2-5 

I 4 

Launch Year 

6-11 

blank 


12 - 13 

I 2 

Planet Index 

14 - 20 

blank 

Number of Data Records 

21 - 24 

I 4 

25 - 132 

blank 



The format of the trajectory data is given in Tables A-l (single-planet swingby) 
and A- 2 (grand tour). 
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TABLE A-l 

SINGLE-PLANET SWINGBY DATA STORAGE FORMAT 


Character Number 

Field 

Definition 

Records 1 & 2* 

1 

blank 


2-8 

F7.1 

DEPART (PASS) 

9 

blank 


10 - 16 

F7.1 

PASS (ARRIVE) 

17 - 23 

F7.3 

SPEED 

24 - 29 

F6.1 

RA 

30 - 35 

F6.1 

DECL 

36 - 41 

F6.2 

I 1 

42 - 47 

F6.3 

V 1 

48 - 53 

F6.1 

PSI 1 

54 - 59 

F6.3 

ECCEN 

60 

blank 


61 - 67 

F7 . 3** 

SMA 

68 - 73 

F6.1 

THET1 

74 - 79 

F6.1 

THET2 

80 - 85 

F6.3 

PERIH 

86 

A1 


87 - 93 

■v v 

F7 . 

APHEL 

94 

A1 


95 - 100 

F6.2 

I 2 

101 - 106 

F6.3 

V 2 

107 - 112 

F6.1 

PSI 2 

113 

blank 


114 - 119 

F6.1 

RA 

120 - 125 

F6.1 

DECL 

126 - 132 

F7.3 

SPEED 

Record 3 

1 

blank 


2-8 

F7.2 

DV1 

9 

blank 


10 - 16 

F7.2 

DV2 

17 - 23 

F7.2 

DVT 

24 - 27 

blank 


28 - 30 

A3 

LEG1 

31 

A1 

Alphameric : / 

32 - 34 

A3 

LEG2 

* Record 1 contains 

the data for the Earth-Jupiter transfer, 

Record 2 contains 


the data for the Jupiter-target planet transfer. 

** Written as ******* if SMA is less than -99.999 or greater than 999.999. 
*** Written as -0.0 if ECCEN is greater than or equal to 1.0. 
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TABLE A-l (Cont'd) 


Character 

Number 

Field 

35 - 

41 

F7.1 

42 - 

47 

F6.1 

48 - 

53 

F6. 1 

54 - 

59 

F6.3 

60 - 

67 

F8.3 

68 - 

73 

F6.1 

74 - 

79 

F6. 1 

80 - 

86 

F7.3 

87 - 

93 

F7.3 


94 

blank 

95 - 

100 

F6.3 

101 - 

106 

F6.1 

107 - 

112 

F6.1 

113 - 

119 

F7.1 

120 - 

125 

F6. 1 

126 - 

132 

F7.3 


Definition 

KAPPA 

RAS 

DECLS 

CDIST1 

CDIST2 

RAP 

DECLP 

VP 

-A 

E 

INCL 

LAMl 

LAM2 

ETA 

PERIC 
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TABLE A-2 

GRAND TOUR DATA STORAGE FORMAT 


Character 

Number 

Field 

Records 

1 

- 4* 




1 

blank 

2 

- 

8 

F7.1 



9 

blank 

10 

- 

16 

F7.1 

17 

- 

23 

F7.3 

24 

- 

29 

F6.1 

30 

- 

35 

F6.1 

36 

- 

42 

F7.2 

43 

- 

48 

F6.3 

49 

- 

54 

F6.1 

55 

- 

60 

F6.3 



61 

blank 

62 

- 

68 

F7 . 3** 

69 

- 

74 

F6.1 

75 

- 

80 

F6.1 

81 

- 

87 

F7.3 



88 

A1 

89 

- 

94 

F6 . 3*** 



95 

A1 

96 

- 

102 

F7.2 

103 

- 

108 

F6.3 

109 

- 

114 

F6.1 

115 

- 

120 

F6.1 

121 

- 

126 

F6.1 

127 

- 

132 

F6.3 

Records 

5 

- 7**** 

(Character Numbers 1-10: 

1 

- 

9 

blank 

10 

- 

17 

A8 


Definition 


DEPART (PASS) 

ARRIVE (PASS) 

SPEED 

RA 

DECL 

I 1 

V 1 
PSI 1 
ECCEN 

SMA 

THET1 

THET2 

PERIH 

APHEL 

I 2 

V 2 
PSI 2 
RA 

DECL 

SPEED 


PLANET (name) 


* Record 1 contains the Earth-Jupiter transfer data; Record 2, the Jupiter- 

Saturn data; Record 3, the Saturn-Uranus data; and Record 4, the Uranus- 

Neptune data. 

** Written as ******* if SMA is less than -99.999 or greater than 999.999. 

*** Written as -0.0 if ECCEN is greater than or equal to 1.0. 

**** Records 5—7 contain the encounter data at Jupiter, Saturn, and Uranus, 

respectively. 
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TABLE A-2 (Cont'd) 


Character Number 

Field 

Definition 

18 - 23 

F6.1 

KAPPA 

24 - 29 

F6.1 

RAS 

30 - 35 

F6.1 

DECLS 

36 - 42 

F7.3 

CDIST 

43 - 48 

F6. 1 

RAP 

49 - 54 

F6. 1 

DECLP 

55 - 60 

F6.2 

VP 

61 - 62 

blank 


63 - 68 

F6.3 

-A 

69 - 74 

F6.3 

E 

75 - 80 

F6.1 

INCL 

81 - 86 

F6.1 

LAMDA 

87 - 89 

blank 


90 - 94 

F5.1 

ETA 

95 - 102 

F8.3 

PERIC 

Records 5 & 7 (Character Numbers 102 

-132) 


103 - 132 

blank 


Record 6 (Character Numbers 103-132) 

103 - 107 

blank 


108 

A1 * 

Alphameric: 

109 - 114 

F6.3 

RN0DA 

115 

blank 


116 - 121 

F6.3 

RN0DD 

122 

Al 

Alphameric 

123 - 132 

blank 


irk 

Record 8 

1-17 

blank 


18 - 23 

F6.2 

DVl 

24 - 29 

F6.2 

DV2 

30 - 35 

F6.2 

DVT 

36 - 38 

blank 


39 - 60 

A22 

LEG1, LEG2 
LEG3, LEG4 

61 - 68 

F8.1 

RAS 

69 - 74 

F6.1 

DECLS 

75 - 80 

F6.2 

CDIST 

81 - 86 

F6.1 

LAMDA 


Written as -0.0 if the encounter trajectory does not intersect the equator- 
ial plane of Saturn, 

** Contains mission data and Neptune encounter data. 
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